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Released Adenosine Diphosphate Stabilizes Thrombin-Induced Human Platelet 

Aggregates 

By Marco Cattaneo, Maria T. Canciani, Anna Lecchi, Raelene L. Kinlough-Rathbone, Marian A. Packham, 

Pier Mannuccio Mannucci, and J. Fraser Mustard 



Normal human platelets aggregated by thrombin undergo 
the release reaction and are not readily deaggregated by 
the combination of inhibitors hirudin, chymotrypsin, and 
prostaglandin (PGE,). In contrast, thrombin-induced 
aggregates of platelets from patients with delta-storage 
pool deficiency (^SPD)» which lack releasable nucleotides, 
are readily deaggregated by the same combination of 
inhibitors. The ease with which 5-SPD platelets are deaggre- 
gated is caused by the lack of stabilizing effects of released 
ADP, since: (1) exogenous adenosine diphosphate (ADP) 
(10 Mmot/L), but not serotonin (2 ;imol/L), abolishes the 
ability of these inhibitors to deaggregate 5-SPD platelets; 
(2) thrombin-induced aggregates of platelets from a patient 
(V.R.) (whose platelets have a severe, selective impairment 
of sensitivity to ADP, but normal amounts of releasable 
nucleotides) can be readily deaggregated, and addition of 
ADP does not stabilize the platelet aggregates; (3) apyrase 
or creatine phosphate (CP)/creatine phosphokinase (CPK), 

WHEN HUMAN PLATELETS are aggregated under 
conditions in which extensive release of granule 
contents occurs (eg, when they are aggregated by thrombin 
or when they are aggregated by ADP at micromolar concen- 
trations of Ca^"^), they do not deaggregate readily,^"-* even 
though combinations of inhibitors, added at the peak of 
platelet aggregation, dissociate most of the fibrinogen that 
became associated with the platelets during aggregation.^ 

Experiments with platelets from afibrinogenemic patients 
showed that when these plaitelets, which lack fibrinogen in 
their granules, are aggregated by thrombin, deaggregation 
by combination of inhibitors does not occur more readily 
than deaggregation of normal platelets/ This observation 
indicates that fibrinogen may not play a major role in 
stabilizing thrombin-induced platelet aggregates. Further 
support for this conclusion comes from the morphometric 
studies of Suzuki et al^ showing that in platelet aggregates 
induced with thrombin there were large areas where platelets 
were in close contact with little or no fibrinogen between 
them. Therefore, substances other than fibrinogen that are 
released from platelets granules stabilize platelet aggregates 
that have undergone the release reaction. 

To examine the. role of platelet 5 granule contents, particu- 
larly of adenosine diphosphate (ADP) in stabilizing thrombin- 
induced platelet aggregates, aggregation and deaggregation 
were studied with platelets from patients with delta-storage 
pool deficiency (5-SPD).*' Another way of studying the 
effect of released ADP in the stabilization of platelet aggre- 
gates was off'ered by the availability of a patient described 
previously,*'^ whose platelets show a selective congenital 
impairment of aggregation and fibrinogen binding induced 
by ADP. With both these types of abnormal platelets we 
have also investigated whether epinephrine can stabilize 
thrombin-induced aggregates, and explored the enhancing 
effect of these agonists on fibrinogen binding during thrombin- 
induced aggregation. Results from this study indicate that 
released ADP stabilizes the thrombin-induced human plate- 



added before thrombin, make control platelets more easily 
deaggregated by hirudin, chymotrypsin, and PGE,, and do 
not change the deaggregation response of 5-SPD platelets 
and of V.R.'s platelets. Thrombin-induced aggregation and 
release of )9-thromboglobulin in control, $-SPD, and in 
V.R/s platelets was similar and not inhibited by apyrase or 
CP/CPK. The stabilizing effect of ADP on platelet aggre- 
gates is specific, since epinephrine in the presence of 
apyrase to remove traces of released ADP does not 
stabilize the aggregates of control, 5-SPD, or of V.R.'s 
platelets. Because epinephrine increases fibrinogen bind- 
ing to thrombin-stimulated platelets to a greater extent 
than ADP, but does not stabilize the aggregates, it is 
unlikely that the additional fibrinogen binding sites induced 
by ADP have a major role in inhibiting deaggregation by the 
combination of inhibitors. 

© 1990 by The American Society of Hematology, 

let aggregates through a specific mechanism that is indepen- 
dent of the binding of fibrinogen to the platelet glycoprotein 
Ilb/IIIa complex. 

MATERIALS AND METHODS 

Materials. Carrier-free sodium iodide ('^^I) was from Amer- 
sham International (Buckinghamshire, UK). Apyrase was prepared 
from potatoes by the method of Molnar and Lorand."* The activity of 
this preparation was such that the enzyme (1 /iL/mL) converted 
0.25 Mmol/L adenosine triphosphate (ATP) to adenosine monophos- 
phate (AMP) within 120 seconds at 37**C. Bovine serum albumin 
was from Calbiochem, La Jolla, CA. Chymotrypsin, ADP, pros- 
taglandin E, (PGEi), thrombin, serotonin (5-hydroxytryptamine 
creatinine sulfate complex), epinephrine, creatine phosphate (CP), 
and creatine phosphokinase (CPK) were from Sigma, St Louis, MO. 
Hirudin was from Pentapharma (Basel, Switzerland). PGE, was 
prepared as previously described.*' All other solutions were dissolved 
in Tyrode buffer. 

Preparation of platelet-rich plasma (FRF) and of washed platelet 
suspensions. Citrated PRP was prepared as described.'^ Platelets 
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were washed according to the method described by Mustard et al,'^ 
and suspended in Tyrode buffer containing 0.35% albumin, 0.1% 
dextrose, and apyrase (1 nh/mL), Apyrase was omitted from the 
final platelet suspensions in which thrombin-induced release of 
adenine nucleotides was measured. The final platelet count was 
adjusted to 5 X 10' 7L. 

Platelet aggregation and release of ^-thromboglubulin (BTG). 
Platelet aggregation was measured in an aggregometer as described 
previously.'^ The release of BTG was measured by radioinmiunoas- 
say (Amersham, UK) in the supernatant of samples obtained by 
centrifugation in an Eppendorf microcentrifuge (Eppendorf, West 
Germany) for 120 seconds. 

Platelet adenine nucleotide content and release. Platelet ADP 
and ATP content was measured by a firefly-luciferase method on 
ethanoltO.l mol/L EDTA extracts of unstimulated samples of 
PRP.'* Released ADP and ATP were measured on ethanol:EDTA 
extracts of supernatants of washed platelet suspensions incubated at 
3VC for 3 minutes with different concentrations of thrombin in the 
presence of 1 .4 mmol/L EDTA.*^ The firefly-luciferase reagent was 
from LKB- Wallace (Turku. Finland). 

Platelet BTG and platelet factor 4 (PF,). The platelet concentra- 
tions of BTG and PF4 were measured by radioimmunoassay of 1% 
Triton X-100 (Sigma, St Louis, MO) lysates of PRP samples. The 
commercially available radioimmunoassay kit from Abbott Labora- 
tories (Chicago, XL) was used to measure PF4 concentrations. 

lodination of fibrinogen. Human fibrinogen (Grade L, Ab Kabi, 
Stockholm, Sweden) was pretreated with diisopropylfluorophos- 
phate (Sigma) to inhibit serine proteases,'* further purified accord- 
ing to the method of Lawrie et al,'' and labeled with '"I by the 
method of MacFarlane,'* to a specific activity of 5,000 cpm/ Mg. 

'^^I-fibrinogen binding to platelets. Thrombin (0.25 U/ mL) was 
added to 200 fiL of washed platelets. In some samples apyrase was 
added 15 seconds before thrombin. In experiments in which ADP or 
epineprhine was used in combination with thrombin, the agonist was 
added 5 seconds after thrombin. After 3 minutes of incubation at 
37«C without stirring, hirudin (1.25 U/mL) was added to block 
further effects of thrombin, followed immediately by '"I-fibrinogen 
(final concentration of 50 Mg/mL). After incubation of the mixture 
(final volume 250 fit) with '"I-fibrinogen at 37«C without stirring 
for 15 minutes, platelet-bound ligand was separated from free ligand 
by centrifugation through 20% sucrose in Tyrode buffer. The 
radioactivity in the platelet pellet was measured in a gamma counter 
(LKB 1260, Bromma, Sweden). The specific binding of '"I- 
fibrinogen was calculated after subtracting the radioactivity associ- 
ated with unstimulated platelets. 

Patients. Patients P.B. (25-year-old man), M.B. (23-year-old 
man, brother of P.B,), and M.R.C. (33-year-old woman) have a 
lifelong history of easy bruising, mildly prolonged bleeding times, 
and normal platelet counts and coagulation tests. Platelet aggrega- 
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tion in citrated PRP was typical of patients with defects of the 
release reaction,*-^ with monophasic aggregation to epinephrine (5 
Mmol/L), ADP (2 /imol/L) or PAF-acether (0.2 Mmol/L), and 
impaired aggregation in response to I Mg/mL collagen (0% to 40% 
increase in light transmission, normal range: 49% to 71%) and 0.5 
mmol/L arachidonic acid (25% to 45% normal range: 60% to 74%). 
Measurement of platelet ADP, ATP. PF4, and BTG (Table 1 ) and of 
releasable ADP and ATP (Table 2) showed that the patients were 
affected by 5-SPD. Patient V.R. is a 50-year-old man with a lifelong 
history of easy bruising, prolonged bleeding time, and nomal 
platelet count and coagulation tests. Platelet function studies showed 
a severe, selective impairment of platelet aggregation and fibrinogen 
binding induced by ADP** '; epinephrine induced a normal primary 
wave of aggregation of V.R.'s platelets in citrated plasma; the 
platelet a granule contents and total adenine nucleotides were within 
the normal range (Table 1). All the patients gave informed consent 
to the study. 

RESULTS 

Platelet release reaction, aggregation, and deaggregation. 
Suspensions of platelets prepared from the blood of the three 
patients with 5-SPD and of patient V.R. aggregated and 
released BTG to the same extent as control platelets on 
stimulation with thrombin. (0.2 to 5 U/mL) (in Fig 1 
through 3 the percent release of BTG induced by 0.25 or 1 
U /mL thrombin is shown). With concentrations of thrombin 
lower than 0.2 U/mL, the percent release of BTG from 
5-SPD platelets was lower than that from control platelets 
(not shown). Therefore, studies on the effects of inhibitors on 
the stability of thrombin-induced platelet aggregates were 
done with concentrations of thrombin higher than 0.2 U/ mL. 
The amount of ATP and ADP released from 5-SPD platelets 
stimulated with any concentration of thrombin tested was 
much less than from control platelets, whereas platelets of 
patient V.R. released normal amounts of ATP and ADP 
(Table 2). 

The addition of hirudin (1.25 to 5 U/mL, added to block 
further effects of thrombin) and of Tyrode buffer to the 
platelet suspensions 2 minutes after stimulation with throm- 
bin (0.25 to 1 U/mL) did not cause the aggregates of control, 
5-SPD and V.R.'s platelets to deaggregate (Fig 1 A). When 
PGEi (10 Mmol/L) plus chymotrypsin (10 U/mL) was added 
instead of Tyrode buffer to control suspensions, platelets did 
not deaggregate within 6 minutes after the addition of 
thrombin (Fig IB). When platelet aggregation was moni- 
tored for longer than 6 minutes, the aggregates of normal 



Table 1 Platelet Contents of ADP, ATP, BTG. and PF, in PRP S amples of Patients With 5-SPD, of Patien t V.R., end of Control Subjects 



Subjects 



5-SPD' 
M.B. 
P.B. 
M.R.C. 

Defective response to ADP^ 

V.R. 
Control (pooled) 



ATP 



2 


4.5 


0.74 


2 


4.6 


0.81 


2 


4.7 


0.20 


2 


4.3 


2.3 


22 


5.8 ± 0.8 


2.8 ± 0.5 



6.1 
5.7 
23.1 

1.9 
2.1 ± 0.3 



BTG 




127 
140 
131 

134 
86 ± 47 



19 
31 
17 

22 
23 ± 14 



Mean ± SD. 

Abbreviation: pits, platelets. 

•Mean values of independent determinations on two different samples. 



RELEASED ADP STABILIZES HUMAN PLATELET AGGREGATES 



1083 



Table 2. Thrombin-lnduced Release of Platelet ATP and ADP in Patients With 5-SPD, in Patient V.R., and in Five Control Subjects 



Subjects 



Thrombin (0.25 U/mL) 



Thrombin ( 1 U/mL) 



ATP 



ADP 



ATP 



ADP 



Thrombin {5 U/mL) 



ATP 



ADP 



5-SPD 

M.B. 

P.B. 

M.R.C. 
Defective response to ADP 

V.R. 
Control (pooled) 



0.2 
0.6 
0.2 

1.4 
1.9 ± 1.08 



0.2 

0.64 

0.14 

1.3 
2.1 ± 0.87 



0.3 
0.6 
0.21 

2.3 
2.26 ± 0.55 



0.33 
0.67 
0.12 

2.0 
2.7 ± 0.32 



0.33 

0.7 

0.18 

2.0 
2.17 ± 0.48 



0.4 
0.7 
0.13 

2.7 
2.8 ± 0.28 



Mean values ± SD (;imoles/10^^ platelets) of duplicate determinations on washed platelet suspensions (platelet count 5 x 10^ ^/L). 



platelets began to deaggregate slowly at 7 to 8 minutes after 
the addition of thrombin, but deaggregation was never 
complete by 10 minutes. In contrast, the same combination 
of hirudin, PGEj, and chymotrypsin caused the aggregates of 
6-SPD platelets and of V.R.'s platelets to deaggregate almost 
completely within 6 minutes (Fig IB). Higher concentrations 
of thrombin (up to 5 U/mL) induced aggregates of 5-SPD 
platelets or V.R.'s platelets that could not be easily deaggre- 
gated by the same combination of inhibitors (not shown). 

Effects of exogenous ADP or of ADP scavengers on the 
deaggregation of b-SPD and of V.R. 's platelets. The addi- 
tion of ADP (10 /imol/L) to the platelet suspensions 5 
seconds after the stimulation with thrombin (0.25 U/mL) 
abolished the ability of the combination of hirudin, PGEj, 
and chymotrypsin to deaggregate the 5-SPD platelets (Fig 2, 
A and B). The effect of exogenous ADP on deaggregation of 
6-SPD platelets was dose-dependent, being maximal at 5 
/imol/L in patient P.B. and at 10 /imol/L in patients M.B. 
and M.R.C. (not shown). Exogenous ADP (10 inmol/L), 
however, did not affect the ease with which V.R.'s platelets 
aggregated by thrombin could be deaggregated by the same 
combination of inhibitors (Fig 2, A and B). Thrombin- 
induced release of BTG from 5-SPD, V.R.'s, or control 
platelets was not affected by exogenous ADP. 

The addition of apyrase (20 /iL/mL) or of CP (4 mmol/L) 
plus CPK (10 U/mL) to control suspensions 15 seconds 



before thrombin, made control platelets easily deaggregated 
by the combination of hirudin, PGEj, and chymotrypsin (Fig 
2C), The addition of the ADP scavengers 15 seconds before 
thrombin did not affect the deaggregation of 5-SPD or V.R.'s 
platelets aggregated by thrombin, but reversed the ability of 
exogenous ADP to stabilize the thrombin-induced aggre- 
gates of 5-SPD platelets. The ADP scavengers did not affect 
the extent of the release of BTG. 

Effects of exogenous serotonin on the deaggregation of 
d-SPD and of V.R/s platelets. Serotonin (2 /imol/L) 
added to the platelet suspensions 5 seconds after thrombin 
did not affect the release of BTG, nor did it affect the ease 
with which 6-SPD or V.R.'s platelets were deaggregated by 
the combination of inhibitors (not shown). 

Effects of exogenous epinephrine on the deaggregation of 
6-SPD and V.R. *s platelets. Epinephrine (5 /imol/L) added 
to platelet suspensions 5 seconds after thrombin appeared to 
induce effects similar to those caused by ADP; ie, it abolished 
the ability of the combination of inhibitors to deaggregate 
5-SPD platelets (Fig 3A). However, because the thrombin- 
stimulated 6-SPD platelets released small amounts of ADP 
(Table 2) with which epinephrine could synergize, the 
experiments with epinephrine were repeated in the presence 
of apyrase (20 nL/mL) or CP/CPK (4 mmol/L, 10 U/mL). 
When one of these ADP-degrading systems was present, 
epinephrine did not stabilize the thrombin-induced aggre- 



Fig 1. Effects of Tyrode 
buffer (A) or PGE^ (10 Mmol/L) 
and chymostrypsin (10 U/mL) 
(B) on deaggregation of plate- 
lets aggregated by thrombin (1 
U/mL). The 5-SPD patient was 
M.B. The highest concentration 
of thrombin tested that in- 
duced labile aggregates of 5- 
SPD and V.R.'s platelets varied 
from 0.25 to 1 U/mL. Numbers 
within brackets indicate the 
percent release of BTG from 
platelets. Hirudin (5 U/mL) was 
added before PGE., and chymo- 
trypsin to block further effects 
of thrombin. Representative of 
1 9 experiments. 
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Himdin 
Chimotrrpsfn 



Hiradta 
PGEi 

Cbymotrypsin 



Kirudia 
PGC, 

Chfmfltrypstn 



Control(G5) 





Control (60) 

delta-SPD (60) 
Patient VR(65) 



1 min 

Fig 2. Effects of Tyrodo buffer <A). ADP (10 fimo\/U [B]) or apyrase (20 mL/riU [C]) on deaggregation by PGE, (10 /imol/L) and 
chymotrypsin (10 U/mL) of platelets aggregated by thrombin (0.25 U/mL). The 5-SPD patient was M.R.C. ADP or Tyrode was added to the 
platelet suspensions 5 seconds after thrombin. Apyrase or Tyrode was added 15 seconds before thrombin. Similar results wore obtained 
with CP/CPK added instead of apyrase. Numbers within brackets indicate the percent release of BTG from platelets. Hirudin (1 .25 U/mL) 
was added before PGE, and chymotrypsin to blocic further effects of thrombin. Representative of 13 experiments. 



gates of 6-SPD platelets or of control platelets (Fig 3B), 
indicating that traces of released ADP were responsible for 
the effect seen with 5-SPD platelets in Fig 3A. In keeping 
with this conclusion is the finding that epinephrine had no 
effect on the stability of V.R.'s platelet aggregates induced 
by thrombin (Fig 3, A and B). 

Thrombin-induced release of BTG from control, 5-SPD, 
and V.R.'s platelets was not affected by epinephrine, either in 
the presence or absence of apyrase or CP/CPK. 

[-fibrinogen binding. Platelets from patient M.R.C. 
with 5-SPD and from patient V.R. (with a defect in respon- 



Kirudin 
PGEi 

Ctiymotrypsin 



siveness to ADP) bound considerably less *"I-fibrinogen than 
normal platelets after stimulation with thrombin (0.25 U/ 
mL) (Fig 4). Apyrase inhibited the thrombin-induced 
fibrinogen binding to control platelets, but had little effect on 
*"I-fibrinogen binding to platelets from these two patients. 
The addition of ADP (10 /xmol/L) 5 seconds after thrombin 
increased the binding of *^^I-fibrinogen to the 5-SPD plate- 
lets, but had no effects on *"l-fibrinogen binding to control or 
to V.R.'s platelets. 

The addition of epinephrine (5 /imol/L) 5 seconds after 
thrombin increased the binding of '"l-fibrinogen to control. 



Hirudin 
PGEi 

Chymotrypsin 



Control (63) 




Control (60) 



Tlirombin 
Tyrode 



Epinephrine 



Imin 




Thrombin 
Apyrase | 



delta -SPD (58) 



Patient VR (60) 



Epinephrine 



Fig 3. Effects of epinephrine (5 /tmol/U [A]) or of apyrase (20 itL/mL) and epineprhine (5 Mmoi/L, [B]) on deaggregation by PGE, (10 
/miol/L) and chymotrypsin (10 U/mL) of platelets aggregated by thrombin (0.25 U/mL). The 5-SPD patient was M.R.C. Apyrase or Tyrode 
buffer was added 15 seconds before thrombin. Epinephrine was added 5 seconds after thrombin. Similar results were obtained with 
CP/CPK added instead of apyrase. Numbers within brackets indicate the percent release of BTG from platelets. Hirudin (1.25 U/mL) was 
added before PGE, and chymotrypsin to block further effects of thrombin. Similar results were obtained with platelets from the other two 
5-SPD patients studied. Representative of nine experiments. 
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Fig 4. Specific ^^^l-fibrin- 
ogen binding to platelets from 
control (□), 5-SPD patient 
(M.R.C., and patient V.R. 
(M) induced by thrombin (0^5 
U/mL). Each bar represents the 
mean values of two experi- 
ments with triplicate determi- 
nations. Apyrase (20 itL/mi.) 
was added 15 seconds before 
thrombin. ADP (10 ^mo\/L) or 
epinephrine (5 timo\/l) was 
added 5 seconds after thron>- 
bin. See Materials and Methods 
for details. 
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5-SPD, and V.R.'s platelets to similar values (Fig 4). The 
addition of apyrase 15 seconds before thrombin had little 
effect on this epinephrine-induced increase in *^^I-fibrinogen 
binding. 

DISCUSSION 

Normal human platelets aggregated by thrombin release 
the contents of their storage granules. In previous studies^ we 
found that platelets aggregated by thrombin were only 
slightly deaggregated by 6 to 8 minutes when a combination 
of hirudin, chymotrypsin, and PGE, was added after throm- 
bin-induced aggregation had reached its maximum. In this 
study, three lines of evidence indicate that ADP released 
from the platelets during thrombin-induced aggregation 
contributes to the stability of human platelet aggregates: (1) 
platelets from patients with 5-SPD contain few releasable 
adenine nucleotides, and after aggregation by thrombin can 
be readily deaggregated by combinations of inhibitors; exog- 
enously added ADP (but not serotonin) blocks the ability of 
the combination of inhibitors to deaggregate these platelets. 
(2) Thrombin-induced aggregates of platelets from a patient 
(V.R.) with a selective defect of platelet sensitivity to ADP^-^ 
can also be easily deaggregated by the combination of 
inhibitors. Addition of ADP immediately after the addition 
of thrombin to platelets from this patient does not change the 
extent to which thrombin-induced platelet aggregates can be 
deaggregated because these platelets are unresponsive to 
ADP. (3) The importance of released ADP in stabilizing 
thrombin-induced platelet aggregates is further supported by 
the finding that normal platelets are more readily deaggre- 
gated by the combination of hirudin, chymotrypsin, and 
PGE, in the presence of ADP scavengers such as apyrase or 
CP/CPK, which have no effect on the rate of deaggregation 
of thrombin-induced aggregates of platelets from patients 
with 5-SPD of from patient V.R. Thus, it is evident that 
ADP, .normally released from platelet-dense granules on 



stimulation with thrombin, plays a part in stabilizing throm- 
bin-induced platelet aggregates. These results are in accord 
with the recent conclusion of Maffrand et al'' from their 
experiments with fawn-hooded rats, which lack ADP in their 
platelet-dense granules; these investigators showed that 
thrombus formation on a silk thread in an arteriovenous 
shunt was greatly reduced in these animals, and they 
concluded that ADP plays a major role in thrombogenesis. 

The mechanism by which released ADP stabilizes platelet 
aggregates is unknown. ADP itself does not produce stable 
aggregates unless the release of granule contents has 
occurred'; therefore, to stablize platelet aggregates, ADP 
may either require some other granule contents released 
from platelets or synergize with thrombin. This effect is not 
related to the known potentiating effect of released ADP on 
platelet aggregation and the release reaction^' because 
experiments were performed at concentrations of thrombin 
that were sufficiently high to induce the same extent of 
aggregation and release of BTG in platelets from normal 
controls, 5-SPD patients, and from patient V.R. 

The stabilizing effect of ADP that we have observed is 
specific since neither serotonin or ephinephrine (in the 
presence of ADP scavengers so that there is no trace of ADP 
with which epinephrine can synergize^) stabilized the throm- 
bin-induced aggregates of 5-SPD platelets. In addition, 
epinephrine or serotonin did not stabilize thrombin-induced 
aggregates of V.R.'s platelets, which undergo normal pri- 
mary phase of aggregation on stimulation by epinephrine in 
citrated plasma.^^ 

The observation that released ADP is not essential to 
stabilize human platelet aggregates induced by concentra- 
tions of thrombin higher than 0.25 to 1 U/mL suggests that 
high concentrations of thrombin either trigger the same 
mechanism(s) as released ADP or cause specific platelet 
alterations that stabilize the aggregates. Bauman et aP 
indicated that extensive secretion per se is not responsible for 
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* 

the irreversible aggregation of human platelets induced by 
thrombin, and proposed that the formation of irreversible 
linkages between platelets involves the specific, time- 
dependent interaction of thrombin with platelets, released 
fibrinogen, and possibly one or more substances secreted 
from platelets. 

The present experiments indicate that it is unlikely that 
the additional fibrinogen binding sites induced by released 
ADP play an important role in stabilizing thrombin-induced 
aggregates since epinephrine increased the thrombin- 



induced fibrinogen binding in the presence of apyrase more 
strongly than ADP, but epinephrine did not stablize the 
aggregates of control, 6-SPD, or V.R/s platelets induced by 
thrombin in the presence of apyrase. Our earlier findings* 
that washed platelets from patients with afibrinogenemia are 
no more readily deaggregated by the combination of inhibi- 
tors than platelets from control subjects, also indicate that 
fibrinogen binding does not have a major role in the stabiliza- 
tion of thrombin-induced platelet aggregates. 
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In Vitro Platelet Abnormality in Adenosine 
Deaminase Deficiency and Severe Combined 

Immunodeficiency^] 

By Choon H. Lee, Susan P. Evans, Maurice C. Rozenberg, Aide S. Bagnara, John B 

Ziegfer, and Martin B. Van der Weyden. 



The platelets of an infant with severe 
combined immune deficiency and adeno- 
sine deaminase deficiency showed mark- 
edly diminished responses to ADP-induced 
aggregation in vitro.*This abnormality was 
corrected by the addition of purified adeno- 
sine deaminase in vitro.^ Exogenous adeno- 
sine added to platelet-n'ch plasma caused 
markedly prolonged inhibition of ADP- 
induced aggregation. This was shown by 
isotopic studies to be due to stow clearance 
of adenosine and hence persistence of this 



nucleoside. Direct assay for adenosine 
deaminase in plasma and platelet lysates of 
the patient confirmed the very low activity 
of this enzyme. Raised cAIVIP levels were 
demonstrated in his platelets. The de- 
ranged adenosine metabolism and raised 
cAMP in the platelets of this child with 
severe combined immunodeficiency may 
explain the altered response to ADP. 
Despite the in vitro platelet aggregation 
abnormality, the patient had no clinical 
evidence of impaired hemostasis, 



TPHE SYNDROME of severe combined immune deficiency (SCID) with adeno- 
-■^ sine deaminase (ADA) deficiency was first described in 1972.' A 4-mo-old 
infant with this syndrome was referred to us for diagnosis and management. ADA 
activity was found to be undetectable in his erythrocytes and serum. He was 
commenced on a course of red cell transfusion therapy similar to that of Polmar et 
al./ providing us with sufficient blood to study his platelet function and metabo- 
h*sm. A full report of his clinical course is to be published elsewhere.^ 

ADA converts the purine nucleoside adenosine to inosine. In ADA-negative 
SCID, the enzyme deficiency has been demonstrated in a wide variety of tissues, 
including sera, erythrocytes, leukocytes, spleen, liver, and fibroblasts. It is reason- 
able to expect that the platelets will also lack the enzyme, although this fact has not 
been specifically recorded. Lack of this enzyme would block a major pathway of 
adenosine metabolism in platelets^ and other tissues and could conceivably lead to 
accumulation of adenosine in vivo. Adenosine is known to inhibit ADP-induced 
platelet aggregation in vitro^ and in vivo.^ This article reports the paticnt^s platelet 
responses to various aggregating agents in vitro and the ADA activity of his 
platelets and plasma. We also studied the inhibitory effect on ADP-induced 
aggregation by exogenous adenosine, and this was correlated with simultaneous 



From (he Departmeht df Haematology, The Prince Henry Hospital Sydney, NiS.W.. the Depart- 
ment of Medicine, Alfred Hospital, Melbourne, Victoria, the School of Biochemistry, University of 
New South Wales, and the Section of Immunology. The Prince of Wales Children's Hospital. Sidney. 
N.S.W. Australia, 

Submitted July 28, 1978: accepted November 10, 1978. 

Supported in part by the National Health and Medical Research Council. 

Presented in part at the Annual Meeting of the Australian Society for Medical Research, fh-i ember 
12, 1977, at Co^\''es. Victoria, Australia. 

Address reprint requests to C. //. Ue, M.D . Department of Haematology. The Prinre Henry 
Hospital, Anzac Parade, Little Bay, New South Wales. Australia 2036. 

© 1979 hv Orune <S Stratton. Jnc, 0006-497 !/79/SMJ.i 0012$OLOO/0 



Blood. Vol. 53 No. 3 (March). 1979 



46& 



Material may be protected by copyright law (Title 17, U.S. Code) 



w * * 

1 



LEE ET AL. 



466 



metabolic study of PRP using [8-'*C]-adenosine. The correction of an aggregation 
abnormality of the patient's platelets to ADP-induced aggregation by highly 
purified ADA was then demonstrated. Adenine nucleotide levels in his platelets 
were measured by high-pressure liquid chromatography and cAMP levels by 
radioimmunoassay, as these parameters could have significant implications for the 
inhibitory role of adenosine. During the preparation of this manuscript, the first 
report of a platelet aggregation defect in ADA-negative SCID was published.' 

MATERIALS AND METHODS 

All the studies on the patient reported in this article were carried out just prior to each exchange 
transfusion; in all instances circulating erythrocyte ADA activity was less than 15% of the mean value 
for normal subjects. Blood was collected by clean venipuncture into plastic lubes containing 0.10 volume 
of 3.8% sodium citrate. Platelet-rich and plalelel-poor plasmas were then obtained by centrifugation at 
400 g and 1000 g, respectively, for 1 0 min at 20°C. The platelet-rich plasma (PRP) was then adjusted to 
a count of 200-250 X 10V**1 for aggregometric studies. All studies were completed within l^fi hr of 
blood collection. Aggregating agent (0.1 ml) was added to PRP (0.9 ml) in the cuvette of an Eel titrator 
kept at 37^*0, and the change in optical density was recorded on a Servoscribe RE 51 1 .20. Both the rate 
of the aggregation response %A O.D./min and the maximum aggregation achieved %A O.D. were 
calculated. Aggregating agents tested (final concentrations given) included collagen (I mg/ml), 
ristocetin (1.5 mg/ml), bovine fibrinogen (1.2 mg/ml). adrenalin (50 Mg/ml), and ADP {\.25'nM. 
2.50-mM and 5.0-mA/) (2.5 Mg/ml == S-nM). 

Inhibitory effects of exogenous adenosine were studied by incubating PRP with adenosine (1 2.5-m/W) 
at 37**C in stoppered plastic tubes. At limed intervals, continuing up to 90 min, ADP-induced 
aggregation was measured (ADP = 5.0-^i^^) as above. Inhibition was measured by comparing the 
aggregation response with that obtained with PRP incubated with the same small volume of Owren's 
buffer for a similar time period (Fig. I A). At the same time the metabolism of adenosine in PRP wa.s 
studied using [ 8- '*C J -adenosine, also at 12.5-M^f. under the same conditions. Samples were deprotein- 
ized at timed intervals with 0.5- A/ perchloric acid at 0**C. This was subsequently neutralized with 4.5- A/ 
KOH / 1 .0-M KHCO3, and 5 or 1 0 m1 of supernatant were used for chromatographic analysis. Resolution 
of purine compounds was obtained cither by two-dimensional paper chromatography^ or by thin-layer 
chromatography on PEI-cel!ulose (Machery-Nagel).* Spots were visualized under UV light, cut out and 
placed in 4 ml of scintillation fluid (p-terphenyl in toluene or PCS Amersham). and counted with about 
55% efficiency in a Packard Tricarb beta scintillation counter. 

The effect of exogenous purified ADA (Sigma type III) on ADP-induced platelet aggregation was 
also studied. PRP was incubated at 37^C with ADA (at a final activity of 2 lU/ml) for 10 min, and 
ADP-induced aggregation was compared with that of PRP incubated with Owren's buffer for a similar 
time. All three concentrations of ADP were employed. 

Platelet lysatcs were prepared from PRP (aniicoagulated with 0.075 volume of 0.077-A/ sodium 
EDTA, pH 7.4) by washing a known number of platelets (counted by a Coulter thrombocounter) twice 
with a dmixture of 0.154-/1/ NaCU 0.154- yV/ TRIS (pH 7.4), and 0.077-A/ sodium EDTA (90:8:2 by 
volume). The platelet button was freeze-lhawed three times in dry ice/acetone, and a small volume of 
TRIS saline (20-mAf TRIS, pH 7.4) was added to reconstitute a crude platelci lysate. ADA activity in 
platelet lysates was measured in a standard assay. The ADA assay mixture, kept at 37°C, consisted of 50 
Ml of platelet lysate (approximately 1 X 10* platelets) and 25 m1 of l-mA/ [8-'*Cl-adenosine (10 
mCi/mmole). The reaction was stopped after 15 min by the addition of 25 mI of 3-/Vf HCIO4 at O'^C. The 
contents were then neutralized with 15 mI of 4.5-Af KOH/ 1.0- A/ KHCO,. and chromatographic 
separation of inosine and hypoxanthinc from adenosine was achieved with one-dimensional paper 
chromatography^ using only the first solvent or with thin-layer chromatography on PEI-cellulosc using 
1 -buianol race tic acid: H2O (5:3:2 by volume). There was no radioactivity in nucleotide spots. Counting 
procedures were as described above, the sum of the radioactivity in the inosine and hypoxanthinc spots 
being taken as product of the ADA reaction. Activity was expressed as micrornoles per hour per 10" 
platelets. 

Plasma ADA activity was determined as described above for platelet lysines, but using 50 m1 of 
citratcd plasma. In calculating the plasma ADA activity, the diluting effect of citrate was taken into 
consideration, and the results were expressed as micromoles per minute per liter of plasma. 
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Fig. 1 . (A) Measurement of 
inhibition of ADP-induced piBtelet 
aggregation by exogenous adeno- 
sine. Curve on left represents 
response of PRP {incubated with 
buffer) to ADP (S-^M); curve on 
right represents response of PRP 
(incubated with AZ.B-fiM adeno- 
sine for a similar time interval) to 
ADP. Percentage inhibition is 
based on measuring maximal ag- 
gregation. Similar calculations can 
be done for aggregation rates. (B) 
Curves of recovery of platelet 
aggregation from adenosine inhibi- 
tion rn 6 normal subjects, the 
patient, and his mother. The 
patient was studied on two differ- 
ent occasions (adenosine 12.5- 
PlM. ADP 



patient 
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« controls 
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Adenine nucleotide levels in platelets were measured in perchloric acid extracts of platelets by 
high-pressure liquid chromatography using an Altcx model i 10 system fitted with a PartisiI-10 SAX 
anion-exchange column. Elution was performed at a flow rale of 2 ml/min using a 20-min linear 
gradient from 10-mAf to SOO-mvt/ NH4H2O4 (pH 4.0). Adenine nucleotide peaks were detected at 254 
nm and were quantified using an Autolab Integrator with peak area calibration curves constructed from 
standard nucleotide solutions. Cyclic AMP levels in platelets were measured in similar platelet extracts 
using the cAMP radioimmunoassay kit (Amcrsham). 

RESULTS 

Table I shows the aggregation responses. There were reduced rates and extents 
of aggregation with all concentrations of ADP used and essentially normal 
aggregation behavior with the other agents. Disaggregation occurred even at high 
levels of ADP (5.0-mA/). 

Figure IB shows the rates of recovery from adenosine inhibilion in 6 normal 
subjects, the patient's mother (heterozygote), and the patient. A DP-induced 
platelet aggregation (ADP = returned to normal at between 40 and 90 

mm with platelets from normal subjects and from the mother. There was virtually 
no recovery from adenosine inhibition with the patient's platelets studied on two 
different occasions. 
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Table 1 . Platelet Aggregation Studies in the Patient WKh ADA-Negative SCID 



Aggregation Rate Maximal Aggregation 



Collagen ( 1 .0 mg/ml) 


63 


r\ 
1\J 




(43-98)* 


(49-86) 


Ristocetin (1.5 mg/ml) 


41 


82 




(22-66) 


(55-98) 


Bovine fibrinogen (1-2 mg/ml) 


Normal two-phase aggregation 




Adrenalin (50 /ig/ml) 


Normal two-phase aggregation 




ADP(1.25-mA^ 


5 


4 




(22-84) 


(12-84) 


ADP (2.5-MAf) 


20 


18 




(40- 1 08) 


(20-80) 


ADP {5.0-MAf) 


36 


35 




(53-102) 


(42-87) 



* Values in parentheses represent range of values obtained in at least 25 normal subjects. 



Figure 2 shows the resuhs of tracer studies on the PRP of the patient and of a 
normal subject. [S-^'^CJ-adenosine was rapidly metabolized with reciprocal accu- 
mulation of [8-^'^C]-inosine and hypoxanthine and some incorporation into nucleo- 
tides, as expected in normal PRP/ Deamination of adenosine was slow in the 
patient's PRP, with appreciable incorporation of adenosine into adenine nucleo- 
tides. These results indicate that the patient's PRP has exceedingly low ADA 
activity. This finding is substantiated by direct measurements of ADA activity 
(Table 2), which showed that there was indeed greatly decreased ADA activity in 
the patient's plasma and platelet lysates. 

ADP-induced aggregation was corrected to within the lower limit of the normal 
response on addition of exogenous ADA (2 lU/ml) (Fig. 3, Table 3). The corrective 
effect of ADA on platelet aggregation was abolished when the enzyme was 




ject and of the patient with ADA- 
TIME IN MINUTES negative SCID 
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Table 2. ADA Activity in Platelet Lysates and Plasma of the Patient With SCID, 

His Parents, and Normal Controls 



Platelet lysates (/imotes/hr/lO*' platelets) 
Patient 
Mother 
Father 

Controls In = 9) 



0.1 
8.8 
8.4 
11. 0- 16.4 



Plasma (^moles/min/liter) 
Patient 

12/3/77 

19/5/77 

20/6/77 

28/7/77 
Mother 
Father 

Controls in = 11) 



O 

0.36* 
0.53* 
0.55* 
1.26 
1.59 
2.33-7.05 



•These low plasma levels of ADA activity persist for many weeks after red cell transfusion. 

inactivated by prior heating at 80°C for 15 min. Aggregation of norma] platelets 
was unaffected by exogenous ADA. 

Nucleotide levels in the patient's normal platelets are shown in Table 4. There 
was a twofold to threefold increase in cAMP levels in the patient's platelets. 
However, non-cyclic adenine nucleotide levels were normal. Our values for normal 
subjects agree well with those reported by others,'"*' although some authors 
reported rather high cAMP levels in some normal platelets.'*' 

DISCUSSION 

We have shown that in one patient with SCID and ADA deficiency the platelets 
are relatively unresponsive to ADP. Schwartz et al.'' have reported similar findings. 
However, they also observed a prolonged lag phase and subnormal aggregation 
reponses to collagen at a final concentration of 30 Mg/nil, in contrast to the normal 
responses to collagen in our studies. This discrepancy may be explained by the 
higher concentration of collagen (1 mg/ml) used by us. However, it is pertinent to 
emphasize here that the failure of our patient to respond to enzyme replacement by 
exchange transfusion, in contrast to the success of this therapeutic method in the 

A[>P0.63ug/ml 



ADP Y.25ug/ivH 



ADP 2.5ug/ml 



Fig. 3. Correction of the abnormality of ADP- 
induced platelet aggregation by purified ADA at 
all three concentrations of ADP (2 5 /xg/ml — 
5.0-mM). 




BUFFER 



ADA 




Material may be protected by copyright law (Title 17, U.S. Code) 



470 LEE ET AL. 

Table 3. Correction of Platelet Aggregation Abnormality in ADA-Negative SCID 



^ by Exogenous Bovine ADA In Vitro 





ADP{1.25-mM) 


ADP (2.5-mM) 


ADP {S,0-fiM) 


-ADA +ADA* 


-ADA +ADA 


-ADA +ADA 


Aggregation rate (AO.D./min) 


3 22 


5 47 


18 B7 


(NR 22-84) 


(NR 40-108) 


(NR 53-102) 


Maximal aggregation (%AO.D.) 


3 10 


3 20 


12 42 




<NR 12-84) 


(NR 20-80) 


(NR 42-87) 



NR = normal range. 

patient studied by Schwartz et al.»^'' may point to some inherent differences in the 
nature of the enzyme defect in the two cases and may therefore provide a possible 
alternative explanation for the differences in observations on platelet behavior. 

Lack of second-phase platelet aggregation induced by adrenalin in a patient with 
ADA-negative SCID and in his parents has been reported by KeightleyJ^ This 
abnormality was apparently corrected by incubation with 1-mM uridine for I hr at 
room temperature. However, the second wave of adrenalin-induced aggregation 
can be absent in 10^20% of normal subjects.'^ Our patient and his mother did not 
show this abnormality at the concentration of adrenalin employed. 

That the phenomenon of decreased platelet responsiveness to ADP in our patient 
is related to ADA deficiency is suggested by the remarkable correction of the 
abnormality by exogenous ADA. Agarwal and Parks' observed that the addition of 
coformycin, a potent ADA inhibitor, to normal PRP significantly prolonged the 
adenosine inhibition of ADP-induced aggregation of those platelets. A similar 
prolonged inhibition of ADP-induced aggregation of the platelets in our patient was 
observed; this was related to the slow clearance of adenosine in his PRP, a 
consequence of low ADA activity in his plasma and platelets. Schwartz et al., 
using adenosine at half-molar and equimolar concentrations of ADP, found no 
further inhibition of the impaired ADP-induced platelet aggregation in their 
patient. Again, this difference in observation from ours could be due to the higher 
concentration of adenosine we used (adenosine:ADP at molar ratio of 2.5:1) or to 
inherent differences in patients. 

Adenosine is believed to cause inhibition of platelet aggregation by stimulation of 
adenyl cyclase, thus raising the level of intracellular cAMP.'"^ The increased levels 

Table 4. Adenine Nucleotides and cAIVIP in Platelets of the Patient 
With ADA-Negative SCID, His Parents, and Controls 

ATP ADP AMP cAMP 

(^moles/ 10^ ^ platelets) (nmotes/ lO" platelets) 



Patient 


5.0 


2.0 


0.3 


3.5 


Controls 










1 


5.5 


2.8 


0.3 


1.3 


2 


8.0 


5.5 


* 




3 


b.b 


3.1 




0.7 


4 


5.0 


3.0 


# 




Mother 








0-7 



•Levels too low for accurate measurement. Dash indicates not determined. 
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of cAMP in our patient's platelets would support this hypothesis and imply 
exposure to adenosine in vivo. Grossly elevated levels of cAMP and ATP have been 
found in the lymphocytes of ADA-negative SCID patients/^ However, we were 
unable to document similar increases in ATP levels in the patient's platelets. 

Despite the platelet defect in vitro in this patient, he had no bleeding tendencies. 
The Ivy puncture bleeding time was 4 min (normal range 4-7 min). The patient of 
Schwartz et al/ also had no bleeding manifestations and had a very marginally 
prolonged Ivy bleeding time. The significance of the in vitro platelet abnormality is 
therefore unclear. 
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New RGD analogue inhibits human platelet 
adhesion and aggregation and eliminates 
platelet deposition on canine vascular grafts 



Brian G. Rtibiii, AID, Dankl J^^cG^w^ Gregorio A. Sici^ MDil'^d 
Samuel A. Santoto, MDi PhD," - ^ w 

Platelet adhesion and aggi^gatipn^'su^Iti^ via the ceceErt^ 

Ub/raa, which recc^nizes the arginue^ycme^^^ (RGD) amino^^d s^iienc^T — 

^ ^»^»^ed, stable RGD^ 

with an ED^o of 1 lig/ml of SC-49992. Adenosine diphosphate-induced seccedon, which 
is dependent on fibrinogen occupancj^ of the glysopiotein Hb/IIIa tCGeptor, was leduccd 
in a concentration dependMit maMifa^ 

seaedon, which is independent of fibrinogen binding, was nnaflmtyrf. Jkdvation- 



dependent cdatelet^ 



■ ^ ^A^.Ti -w^ti" .r 



a. 



Ilb/ma bound to RGD denvatized sephan^ ditbmbosis-piQne dc^^>had 

pblytetrafluon>ethyiene temoral a&te^^ die RCD analogiie or 

a normal saline infusion during th^e^^ later a sepnd 

ctmtralateral fianorai grafi: mth iioKisian of t& wa^ perfi^^ 

during RGD analc^jue infusion demonstrated inhibition of induced aggr^ation, vrfiereas 
^nonnal saline infusion had no effect. As measured by the adherence of platelets labeled with 
indium m 8-guanidino-octanoyl-Asp-Phe reduced platelet deposition on vascular grafb 
by more than 90% == 0.0006, log transfomed data, paired t test). Histologic 
examinadon demonstrated niLarkedr^^ 



- If 




^t t' ^1 



/ ; Early occjusic)^ of sinaJl;diamci^^ Iaig0 numbei^^fa^ni^^ 

ular.SraftS is Dfimanlv due to .(nktv^W^^rhrnmhiic^^t ^^^^^^^ now nUt^W • I'li' 



fonnation VThe fbrmarion of platdet: thrombus ;isv vi , 



due to platelet a^regadon, which is mediated by the 
platelet glycoprotein Ilb/IIIa (GPHb/raa) receptor^ 
Altfaou^ nomially not expressed on the platelet 
surface until platelet acdvation, GPIIb/nia exists in 

From the Dqxartmcnt of Suigery, Washington University School 
ofMcdidne. 

Presented at the Forty-fifth Annual Meeting of the Society for 
Vascular Suigeiy, Research Forum I, Bo^on, Mass., June 4-5, 
1991. 

Reprint requests: Brian G. Rubin, MD, Department of Surgery, 

216 South Kitm^highway, St Louis, MO 63110. 
24/6/33164 ^ ' 



When activated, this receptor binds several different 
^Hgands including fibrinogen, von Willebrand &ctDr, 
ifibronecdm, thiombosix>ndin, and perhaps vicnc>- 
nectin.^^^ Studies from several laboratories indicate 
diat at physiologic concentrations, fibrinogen is the 
major ligand bound; fibrinogen's dimeric structure ' 
allows it to interaa with two platelets simulta- 
neously, leading to aggr^stfion.^*-* Conunori to all 
the adhesive ligands of the GPIIb/IIIa molecule is the 
tim£ amino add sequence arginine-glycine-aspartic 
add (RGD). Peptides that contain this sequence 
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Arg-Gly-Asp (RGD) 



0 
H 



Q-ouaniuino-octonoyl-Asp-Phe (SC#43S92) 



Fig. 1. The chemi^stracnuc pf the native . 



: vi^ r': dbdecapcpt^ that alsb'binds 

. . Earlier studies in .our laboratory, showed that 
peptides containing tlie arg-gly-asp sequence com- 
petitively inhibit the binding of the relevant ligands 
of the GPIIb/ma complex and thus effectively inhibit 
platelet aggregation in vitro." We have previously 



chase^^ (SSgrm 

Radiochenua^^ Eiiglani - Nucl^^ ' ' 

(Boston, Mass;y^Y^ci'seKitonin)'a^ ICN^ Inc. 
(Irvine, Calit ) (Na*? GrO^) . Sepharose was deriva-^ 
tized Mdth the RGD containing peptide WTG- 
STRGDQSSWK, which was synthesized by standard 
solid phase methodology. Ninety-six well 'microliter 
plates were purchased from USA Scientific (Ocala, 



'--^ V^^S^^^^S^ Pf^^l^^^"^ . plasma , (PRP)^l^^;j^^ techniqiie 'ph^c«is« 

;\,Pc™™edtoevahiatedieeflFecdvcnes^^ scribed:" ^ *^ 

" in decreasing nlaf^t^ iimir^o^^r^wi c**:-^^- i^j ^^r • * j. : . 



m decrying platelet aggre^tibn; scqc^ and 
adhesion. The second part of the otiidy eianuned i&ie 
ability of the RGD anal(^e to decrease placet 
aggregation and to prevent platelet deposition on 
vascular grafts in the thrombosis prone canine model. 

MATERIAL AND MEraODS 
Human platelet studies 

In vitro assays. Fibronectin was purified by 
hum^m plasma firom affinity chromatography on 
gelatin sepharose as described.^ Fibrin*^ (grade L) 



Adhesioii studies. After preparation of P^IP 
I nunVml of PGE, in a solution of tris-buffcred 
saline (TBS) (0.05 mol/L tris-HQ, 0.15 moVL 
NaCl, pH 7.4) WIS added and the platelets were 
washed once and rcsuspendcd in 1 ml of TBS and . 
PGE, for 30 minutes with 50 mmVof ^'Cr. The 
labeled platelets were washed twice with TBS-PGE, 
and I/IO volume add-dtratc-dextrosc, and resus- 
pended in TBS, bovine serum albumin, and glucose 
(TBG) (TBS plus 0.09% wt/wt D-glucose and 0.5% 
wt/wt bovine scrum albumin) to obtain a platelet 
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ROD muiki^ mmits humm ^aula fk^^ 68S 




Fgn Co 




ipoo 100 .10. i I lor' ;i(3^^.(^^^ 



.7 



uuiuiygcn ^iirocr^^ f^^ .lUc ability of the RGD^analogii^ Sl'ffl 
.^^onmlatcd.platclctadhcsio^ 



S!^^:^^^^ .Perfonncd wiA^ plaldcis used 

or ethvlencdianime tetraacetic add 7PnTA\ ti^^c «r^;k^j iiir^i^ V- f^^r^^^ 



(finaJ concentration 1 U/m^ were addal as 1% 
vol/vol in a test tube and after a 5-miriutc incubation 
period widiout shaking, the solutions were pipetted 
onto precoated niicroriter 96-well plates. These 
plates had been precoated with 100 ram^ of TBG, 25 
lig/ml of fib™pgen in TBS, or 20 yLg/nA of 
fibroncitin'in iBS^foi^a ^ 



The rcadibh cbiisisit^ of 400 mm^ of the platde*^ 
suspMii^ 

control vehicle and, after a 5-minute pieincubation 
period, 50 nun' of ADP or tmombin. Aggr^ation 
studies were performed fi)r 5 muiutes afer the 

^addition of thrombin or ADP. The s^^^icg^mietiy ^ 

|sani$)lew 



^of^f^^e; so^ 

,tl>r6inbin,iand labeled platelet mixture ^erc cbiinted 
in a ganima counter to determine their specific 
activity, and in a Coulter coimter for determination 
of platelet count. After 1 hour of adhesion at 25* C, 
the microtitcr weUs were washed five times with 150 
mm^ of TBG-Ca or TBG-EDTA buffer solutions. 
The adherent ^'Cr labeled platelets were solubilizcd 
with 2% sodium dodecyl sul&te, and the counts 
measured in a gamma counter. 

A^r^tion and scciedon studies. A^rega- 
rion and secretion studies were carried out concur- 
rendy. Studies using adenosine diphosphate (ADP) 
as a stimuhis were performed in PRP. &q)criments 



elected I^Cen^m^ 
:buflcr (0.0ff *mQ|/L jrns-H^ 
2 mmoVL CaQi, 2 mmoVL MgQ^, a 50 nunoVL 
octyl-glucoside!; pH 7:4). Protease inhibitois (PMSF 
,2 nunoVLs ^rotinin r 2 nunoVL, and leupeptih 
t2 mmoVL) were indiuled in the extractido buffer! 
After centriftigatkm a 20,000 ^ for 45 minutes 
(4** C), the soluble siqwnaiant was applied to a 
concanavalin^^sefriiarose column equilibrated in the 
above buflfer. After extensive washii^ giycofHoteins 
bound to the column were eluced with column buffer 
containing 0.5 mbf/L aiphamcthyfanannoside. Eluted 
gtycoprotdns were thm subjected to affinit>' chro- 
matography cfv& an RGD den 
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K^-^ v',.-/<j'V*'->'' 



aK;i(PTOE; Qo^^m±.'mem As&c:^y suriire. A I mg/l^felus of tht^cB aiSoi&pM^ 
- K Sjven, foUowed by a 50 |Lg/l^min infosionybf the 

_. . , . agmt- Alternatively, in the control condition, saline 

Dqgs. Eight mongrel dogs whose platelets ex- was used. ludiuin m-kbcfcd platelets wereTcintio- 

hibitcd irreversible arachidonic add induced platelet duced into die circulation. The clamps were released 

^gegaomi were seleaed for implantation of the and blood flow restored dirough die graft and into 

c-With-thC;. Guide'forthc Gwe.andl0SeM^^ 




f i'."; ' I 




wasvoiavm from each animal and'isbmion of PEJP c;^*. i^^Mw - -li^^ii^ _r l^xx r . - ViV ^ . 



vm carried but as pievicnisly dcsmbey " Plate^ 
were dien labeled with indium III as prcvio^^^^ 
described.' ^ f 

Surgical technique* The eight ^mbosis prine . 
mongrel dogs wd^iing 20 to 30 kg were usai. 
Anesdiesia was obtained with intravenous adminis- 
tration of pentobarbital in an initial dose of ^30 
mg/kg. Smaller doses were dien given at intervals as 
needed. After the induction of anesdiesia, €iach 
animal was intubated, placed on a respirator, and 
given intravenous laaated Ringer^s solution at 15 
mlAg/hour. The fem ral artery was exposed and 



side ^ the !^"^of^sMrc 
The iSnif jsion ^ dnig or control 
at 2 hours, and a Kgiture was placed proxirna^^ 
and distally to the anastomoses, and the graft was 
explanted. TTic graft was carefiiUy irrigated; w 
50 ml of saline, placed in formalin, and couiited in 
a gamma counter. Later, histologic examinadon 
of each graft was performed as described below. 
The following week in each dog the contralateral 
femoral position was used for graft placeihent. 
Dogs were randomly assigned to receive either the 
drug or saline the first week and die other su bstance 
1 week later. 
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Analysis. Whole blood drawn at SO-minute 
intervals during the course of the experiment was 
separated into platelet-free plasma and PRP. The 
platelet count of the PRP v/as determined as well as 
the number of counts per minute (cpm) contained 
thereiij as measured by a Searle model 1 197 (G. D. 
. Searle^ a^^ lU^ aufx>matcd gamma 

coim^ calculation of^ liiunber of 

'^-counts per minute per platelet (platelci specific 
activity). Acdyitics at time 0, 30, 60, .90, and 120^ 
Mriubis wcre^cii ^ 
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69- 



■,'Vr , 



specific activity times graft siirfate areaf A value; of 
17.9 cm^ was calculated to represent the internal 
surfeceareaofa4nrun x 14 cm graft. To determine 
the efficacy of thi- iMliiif i)ro(§aufe;'blfi^^^^^ 






tized sepharosd't^unnu^^SC^^^ ^ 




^haracteristk^ dec^^ 'mobility^^dfc^^ 
C) conditions, 'v.-. ^t;*/' ,y ' ' -'-v^ 



f > 



fi^cddn^ were of 
fi*e aiid^p 

greater than 95% of the incudrn^was' p^^^ 

Histology. After detetmiiSticn of Counts per 
minute, the grafts were submitted '^for histologic ■ ' ■ 
examination for both routine hematoxylin and eosin 

and Carstairs stainii%. ^ " the ling^ of 1 |ig/ml, with resioration of foil 

RESULTS ag^gation tracings by reducing inhibitor concm- 

tradons to JO n^nil oi; Ic^ (not sh^ 
<KphpsphatK indued?^ ;s«^^ 



'V' • L 



Human,irfatdet-st^^ 



'-i * 




^it^^imu^^ depend 
pPWte^ : jever, dinmbiK:m(h|^ 



^ . » , fiteiripgai 

the analogue , in a rahcentt^ 



with an ED50 of 1 >g/nil. 

Aggregation and secretidn studies. Adenosine 
diphosphate induced abrogation and secretion was 
performed in PRP. Adenosine diphosphate induced 
aggregation and secretion is dependent on 
GPnbAna receptor occupancy by fibrinogen.'^ The 
ability of SC-49992 to inhibit bodi aggr^tion and 
secretion was e^^uated as the inhibitor concentration 
was changed ftom 1 mg/ml to 0.1 n^ml. RGD 
analc^e concentrations greater than 1 |tg/hri re- 
sulted in complete inhibition of aggr^tion. Half 
maximal aggr^tion was seen at concentrations in 



receptor bindii%. Thrombiii^indiibed''^1^ seron 
secretion, iii^^* contrast to aggi^ation, therefore 
showed no inhibitory effect of the RGD' analogue. 
This result is consistent with tte obsdvation of 
others that thrombin induced pktdet activation and 
aggregation docs nc^ require die presence of exoge- > 
nous fibrinogen. ^ 

Ehition experiments. JFig. 4 demonstrates the 
ability of S-guanidinb-ooanoyl-Asp-Phe to eflSx^ 
tivdy ehite the GPIIb/nia complex fiom a column of 
RGD derivatized scpharose, as detected by sih^er 
stainii^ No additional proteins were detectable after 
elation by an EDTA containing solution. 
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Fig. S. Transverse, sections of midporrion.^of .IOTE graft explantation (original 
magnification x2,5). Hematoxylin and eosin staining of the' graft demonstrates significant 
thrombus in control treated animals/A^ left), Carstairs staining (Utp n£ht) of an adjacent section 
of grA from same control treated animal demonstrates that this material is made up 
predominandy of platelets (blue) with some trapped red blood cells (oran£fe'brawn). All sections, 
regardless of staining technique, from animals receiving RGD analogue infiision demonstrated 
essentiaUy no identifiable thrbmbusYfo««^^ ' / ' ^ - ^ < 




'i r.- X, If, ^.-^ V -5^ i! '^'^ - 



Platelet depbsitibii,stodK»;;m abdvie ui jawpr vfii^med^^^ strikihg drereie^in pla^^ 



experiments demorisioite t^^^ 'inhibits 
platelet aggr^ation By uiiiibiting^ t^^ bindingSf 
platelet adhesive proteins to the GPIIbyOTa com- 
plex. These results surest that SC-49992 and 
related compounds may have clinical utility as 
antithrombotic agents. To test this concept we 
examined the ability of SC-49992 to inhibit platelet 
deposition on prosthetic vascular grafts. Table I 
shows the platelet deposition per square centimeter 
of graft under control and drujg conditions for each 
dog. The RGD analogue reduced early platelet 
deposition from 63% to 99% (mean, 90%; 
p ~ 0.0006, log transform data^ paired t test). The 



seen .M^ (Rg- 5). It is riotevKoictiiy 

animal 3, which appeared to display the le^ 
of the drug, there was weeping of platelets through 
die interstices of die FIFE, as scin in Carstairs 
stained histologic sections. This allowed most of the 
platelets to be deposited on the exterior and within 
the interstices of the graft; and devatecl the total 
platelet deposition. 

Intraoperative aggr^ometry. Fig. 6 (Uft) 
shows the aggregation curves in response to arachi* 
donic add in one of the thrombosis prone dogs 
selected for this study. Fig. 6 (middk) shows the 
inability of platelets isolated during the drug inftision 
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Fig. 6. Aggregomcay tracings ofdog no. 7. Preoperative aggr^ometrydeow 
irreversible allegation to arachidonic acid Intraoperative aggr^metry during infusion of 
RGD analogue demonstrates reduced and reversible a^regation to same agonise Twelve hours 

after termination of the SCM9992 infusion, fuU arachidonic add-A ; , . - ^ ^ ^ 




C^? i^^^^^^ ; to inmbit ADP induct 



com- 



to inhibit ADP ihduoii agmmtiori it^ siecrWoii ^ ' coisistrat wdii Ac a>r^ thitt Afc ihhibitSry'i 
.> . _ ./:i_^t.:^._ ^ lu- v^n Vfumr- ^ — of SC-49992 IS due R> its abiUty to 

fibrinogen to fte GPmVnia cdi^^ 

The results of the in vivo portion of the currcm 
study demonstnte the ability of the RGD analbgiie 
8-guanidin6-6ccanoyl-Asp-Phe to platelet ^- 
gr^adon and reduce platelet depositibn in small 
dBameter vascular grafe in a tfaionibosb-pione canine 

model. These findingis arc consistent wkh the previ- 
ous work fiom our bdmraroiy showiiig the efficacy of 
the RGD peptide as an antiiriatdct agqit in a similar 
modcL^^ In coiitrast to other andphtclct agents, this 
RGD anakf;ue oScrs seveial disdna advantages. 
Because GPHb/IIIa represents the final conunon 



plcx, although the fibronectin and vitrbnectih recep- 
tors may be affected as well. D^cspite die presence of 
S049992, the platelets remain capable of full 
secretory response when stimulated with thrombin, 
vi^iich suggests that the inhibitory eflfect occurs at a 
postacdvadon stage, and is not a nonspecific toxic 
cffca on the platelets. The RGD analogue was 
capable of initially inhibitii^ durombin induced 
a^regadon in die washed platelets, but as secredon 
occurred with release of endogenous platelet fibrin* 
ogen, a fibrin clot eventually formed in the aggr^- 
don vial. The requirement of GP Db/IIIa receptor 
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pathway of platelet aggregation, the pharmacologic 
interdicdon f the exposure and activation of this 
receptor has been carefully studied. Some agonists of 
platelet activation initiate the release of arachidonic 
acid through the cydooxygenase pathway leading to 
the production of thromboxane Aj; the latter con- 
tributes to GEIIb/nia exposure and activation both 
dirough the release of pktdet storage gra« 
direcdy through a receptpr cme^^ 
which inhibits cydc>03£ygen^^^ i? It^^^ most com- 

at practical doses. 
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A significant advantage of SC-49992 lies in die 
rapid resohidon of its platelet inhibitory ejects once 
infusion is terminated With a pharmacologic half-life 
of approximately 10 minutes,^ and full recovery of 
collagen induced platelet aggregation widiin 30 
minutes,^ rapid return of normal platelet function 
allows for resolution of any bleeding problems 
associated with drug infiision. Further characteriffli- 
tion of the pharmacologic propertied of iSC:49992 - 
have, rccendy bccnrdesenbcdiini: abstract fdrik?** '' * 



■A. 



w*vw« uixuiiiuoAoit,. diiu IB cycuc^aaenosine^. >^tne neecUc hbl«i^m che ^ was likay 

monophosphate precursors on GPIIb/HIa exposure a suprapharmacologic dose of SC-49992 in addition 

to systemic heparinizadon, the remainder of the 
• "th«e agents IS ariMmseribed by thromboxahe'Ai^h^^^^^^ ; 

beii^ absolu^ necess<p7 for GFnb^IIa expqsui|^^ " 

recognition sSquehcpt^^ 

they inhibit aU^mj^^ ^ used by other cdl types iiithidm^ ; ^ 

agents are neither platelet spedfic nor without side cells to adhere to corn^nents ^^f the extraceUular ^ 

ettects. For instance, endothclium-derived relaxing 

factor, thought to be nitric oxide, putatively modu- 
lates platelet cyclic guanosine monophosphate.^ 
Other novel agents such as ticlopidine inhibit 
GPIIb/nia exposure by incompletely eluddated 
, .4; ' mechahisnis l&d ; 




matrix. 

The RGD analogue 8-guanidino-octanoyl-Asp- 
Phe extends the concept of RGB inliibition of 
GPnb/nia to a clinically useful form. Intravenously 
adnriinistered arid rapidly reversible, it is a poteiit 
inhibitor of platelet aggrcgariorih j^^^^^ 



. - >4 - 




V - r -i'iir ■ ■ - : • -^^^ . ^ r . • . -:wvv-- 4cm6nstrate 
V V. efficacy of nwpnbctonalVan to Grilbylll^^itf 

redudng platelet a^^tipn and deposition ori 
Dacron grafts, but tlfey were unable to show a 
reduction in thrombotic graft occlusion. Coller et 
al." demonstrated die ability of anti-GPIIb/nia 
antibodies to normalizjc blood flow in a model of 
platdet dependent coronary artery stenosis. As well, 
anti-GPIIb/B[Ia antibodies have been shown to 
augment die cflFecis of tissue-plasminogen activa- 
tor.^^ Despite the theoretic advantages of using 
anti-GPHb/ffla antibodies as platdet inhibitors, tfiis 
approach is limited by availability, cost, irreversibil- 
ity, and most importandy, by antigenidty, which 
limits tile number of applicatiwis in any one patient. 
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DISCUSSION " 

Dr. William C Kn^pski (San Francisco, Calif.). I 
congratulate the audiors for perfbrmii^ an inteicsdng, 
welkonducted study and for presenting it today so dearly. 
Thdr findii^ are extremely imponant in our evohing 
armementarium ftjr preventing diromtxxis. The initial 
events responsible fi>r the atiadunent of platdets to 



thrombogjcnic sur&ocs aic determined by dxnpIcK intcrr 
actions of subendothdial oomponcnts ^ad well- 
diaracicrized receptors on pbtdct membranes. 

One sudi receptor, the platdct gfycopretctn Ob/ma 
oon^kx, inteiaas with divetsc adhesive proteins, the inost 
important of which is fibrinogen. GP Ob/Ilia is a 
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calcium-dqiendent heterodimer belonging to a general 
class of structurally similar adhesion receptors called 
integrins, which interact with the amino acid sequence 
arginine-giydne-iaspartic acid common to fibrinogen and 
other prutcim titai aieJiate cell ai&esion. Gccupan^ of 
this receptor by fibrinogen is the primary pathway for 
platelet aggr^don. Therefore, GPIIb/IIIa is an important 
; target for interventions aimed a: interupdng. diuiically 
significant, pathplc^c thrombus foniiadon. • ;| - 
f ^Rubin ct al.(have investigated a new piepdde containinjg 
fl^- -.arg-gly ■ ■ ' ' ' 



deposition on this thrombogenic surface, reducing throm- 
bus formation to the level of control, unendartereaomized 
arterial segments. 

I have several questions for Dr McGraw that relate to 
potential clinical rckvanccof his findings. Tirst, was there 
a drop in platelet count during infusion as has been 
reported widi other receptor antagonists.^ Second, what is 
the reaspn for the dosage regunen chosen? Were drug leveb 
measured and constant? po^you! knbw'tHe dose' response? 
^^Thi^d;^ is there any lasting > effca of this drug; or? Will 




approaches to antiplatelet therapy. Interruption of the comments and questions. I will try to answer his questions 

arachidonic .acid^ pathway, is thcmpst commonly used , in order. During infusion of the RGD-analoeue for the ^ 

strategy. Aspirin, dipyridamole, nonsteroidal antiinflam- canine experiments, platelet counts were measured eveiy 30 

, . H -.: , .-matory dnigs,; thromboxane .synthetase i - — 
'^^i^f^ : iiv^^roidsi and caldum,^ 
. ' - - v different way, but all mterferc.with the ^ — 



the literature My bfe confused;^ byii con t^^ studies on inhibition of platelet adhesiok 



about' these drugs, which confound interpretadoiii- of, 
results. 

Thrombin plays a central bioregulatory role in hemo- 
stasis and is a poteni stimulus for platelet activation by.a 
mechanism that is independent of ADP, thromboxane, and 
fibrin generation. Thus, inhibition of thrombin is an 



secretion, and a^regation^ suggested die concehtraribn 
necessary to achieve full inhibitory efficacy. , We did not 
measure serum levels of the drug during infusion, but 
rather chose to use a dosage regimen calculated to be at the 
high end of the inhibitory spectrum. Despite die use of a 
high dose of the RGD-analogue, we saw fGll restoration of 



, -.^ vv ... - . : effective way to prevent undesired thromb^^ Thejist^of , ; . arachidonic acid^nducedr.aggregation ; 12 hours: after 

i^c^ffTi^^^^Tr^VM^^^^"?^^ eanier w^^^^u.^..^ u — j — - ^ — — ^. . 
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TheMbnsaiito 
afternoon is btir:one of several synthetic peptides withtbne 
or more RGD: sequences oiirm iinder eyaluadon.^> 

A third straiDegy to ablate pUtdet-thrombus 
uses monoclonal antibodies diat specifically bind to^nd 
inhibit GPHb/IIIa. We have stiidied monoclonal anrijlxl- 
ies to this receptor in a model of thrombosis consisting of 
segments of aorta interposed in an external arteriovenous 
shunt in baboons. Platelet deposition on die endarterecto- 
mized arteries was pronounced. Treatment of animals with 
the GPHb/IIIa antibody, CP-8, virtiiaUy abolishes platelet 



outside of the prosActiclgrafb. i After th^^ 
terminated and the ''grafe^, were removed, we did :ript 
encounter any ongoing prbblems diirihg wouiid closure; 
nor after operation with wound hematomas. In response to 
Dr. Krupski's final questioii^ we do not have any informa- 
tion about die status of compounds being developed by 
other companies. Our purpose, however, is not to cham- 
pion this specific RGD-aiialogue, but rather to advance the 
concept of the potential clinical utility of RGD inhibition 
of the GPIIb/nia complex. 
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; \/^)stract RheothRx Dqection, an^ aqi^ 

188) formulated for intravenous adminisiratibn, was investigated as m inhibitor Of red 
. . blood ceU (RBQ-induced platel^ plasma concentirations of O.OS- 

SmgmL'V Platelet aggregation was determined by measuring the fell in angle platelet 
counts after mechanical agitation of 2mL aliquots of dtrated whole blood in a 3TC 
shaking waterbath. Inhibition of RBC-induced platelet aggregation of >95% was 
, obswyed for poloxamCT 18f at.a^OT^ of ImgmL"*, and 41% inhibition was 

: ob^^ at 0.051^^^ 
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adsQiptidhrof'Copoiymeit^to 
> > ™Mi^^ sDd;^Jbis eflto prevents, mechaimal; d and hetic^ le^iai^^ 
fixma IfflC. has been shdwnto ha^ 

ischemic disorders such: as myocardial inferctiba ^^The obseii^cm oifvsignificant^^ 
inhibition of KBG-mduced platelet aggregation at clinically rdievant ' toncen^ 
suggests that RheothRx Injection may have antithrombotic properties /n vrvo, and may 
therefore have potential not only in aoite ischemia but also to prevent thronAosis within 
vascular prostheses or to prevent rethrombosis after an^oplasty or endarterectomy. 



Key words: platelet aggregation, eiythrocytes, RheothRx Injection, poloxamer 188, Phironic F68. 

Corresponding author: Jonathan K. Armstrong, University of Southern California, School of 
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Poloxamers are nonionic ABA bl ck copolymers f polyoxyethylene (A) and p lyoxypropylene 
(B) (Fig. 1) and are commerdaUy available over a wide range of molecular weights (1000 to 
14000 gmor^) and polyoxyeth^ene/polyoxyprop^ene rati s. These copolymers are produced 
commercially under several tradenames [e.g. Pluronics (BASF, Wyandotte, MI.), Synperonic PE 
nonionic sur&ctants QCI, Middlesbrough, U.K.)] and have numerous industrial uses (1-3) for 
^cample as emulsion stabilizers, foaming, defoaming, antistatic and wetting agents. The desired 
hydrophobic/hydrophilic balance is achieved by varying the total molecular weight and 
pplyoxypropylene/poly6?^ethylene hrtio. > . , . 



Generalized structure of a poloxamer, where A is polyo>iyethylene and B is 

polyox^ropylenl. 




R^earch mto possible applications 
poloxamer 188 (total molecular 

polyoxyeth^ene), ranging from drug deliyery 5ystemsl(4), topicil formulations (SX hemorheology 
(6) tp^ plant g^^ Poloxamer, 188,has been siiown ,tp reduce sequestration. of 

laJ^elled polystyrene nanospher^ by the liver and prolong their circulatory times (4). As an 
additive to the primii^ fluid for bubble oxygenators in cardiopulmonary bypass pumps, poloxamer 
188 reduced platelet adhesiveness and blood viscosity (8,9). RheothRx*'^ Injection is a 15% (w/v) 
^ . aujueous solution pf polp?^er 188 formulated for intravenous ii^ection, developed by Burrougfhs 
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findins 

antithrombotic properti^ of RheotfaRx Injectioa However, most previous in vitro platelet studies 
have examined the efifect of poloxamer 188 on aggregation induced by the addition of exc^enous 
agonists to platelet rich plasma (PRP) (14,15). Such studies thus n^ect the role of RBC as a 
modifier of platelet function, as it has been shown that various platelet aggregation inhibitors and 
activators function very difiRaentiy in whole blood compared to PRP (16-23). Furth^, RBC have 
been shown to induce platelet aggregation und^ conditions of shear (19), and this effect is 
thought to be a significant cause of platelet activation in vivo in situations characterized by 
localized regions of high shear stress such as caused by prosthetic heart valves, vascular grafb, or 
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r^ons in vAdch the endothelium is damaged or diseased (20,24,25). Certain dinicaDy useful 
antithrombotic agents, such as dipyridamole, ^ch is effective in preventing platd^ activation in 
vivo, do not inhibit platelet aggregation in PRP, but have been shown to significantly inhibit RBC- 
induced platelet aggregation in whole blood (20). 

To address issues germane to RBC effects, Saniabadi et al. (18) developed a gentle shear 
technique to induce platelet aggregation by rollermbdpg dtrated viliole blood samples. The degree 
of platelet sqgjgregation was determined by the fidl in single platelet count, measur^ using a blood 
cell counter rThis te^ used to investigate the role of RBC iib spoittai^ or KBO- 

iiukicied - also to deternum the dl&cts^ ^ ^^^1 v ^ ^ 

^^^^ ^ -iriluWtd^^ 2^(wa(leibs^^ ^^rie^i^^ d^^a ^;rv^u^f ^ 

sy^ein^: [e g., phpsphoenolpymya^ pyniyate.kinase (PEP/PK)l(26)l^and^e^^cffe^^^ 



- ' offri^detagg^^ega^ - ■ '.'V ' ^^i'^fe^^^^^t ^^^^^^^ 



The technique desoibed by Saniabadi et al. has been adapted here to study the effects of 
RhebthRx® U^ection (poloxamer 188) on RBC-indiiced platelet aggr^at^ using a shaking 

.\wate^ ?7%;.t;;^Tlie;; i^Bferts^f 
: V ; in^itbr^ of plateiet^agg^^ arid^EP/P]^^^ ii tte presraijei^ yx^^fyf 

'^''"-r^^^^f }^ ili^^^^^ suggest iflwt Rheo^ibRx^jIq 

:2r i eflfec^ a cytc^fotective addon oh RBC: 



" - - MATERIALS AND METHODS 





I^l4telet aggregation wias'^ihv^gated using ' two mbthods or'>shaking. For poloxamer ^188 
concentration efifects, ah oib^ waterbath was used (Model 3S4S; l^b^Iine Instruments 

Inc., Melrose Park, IL) at 37°C and 160 rpm, and for eiqsmments comparing Poloxamer 188 with 
PEP/PK and 2-ClAd, a redprocal ^laking waterbath was used (Model 25, Precision Scientific Co., 
Clucago, BL) at 37°C and 90 oscillations per minute. Both methods gave qualitatively amilar 
results, tfiough the oibital shaking bath caused a somewhat greater degree of platelet aggr^tioa 
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Platelet coma and hematocrit tkterminations. 

Platelet counts were determined using an automatic cell counter (Minos STX, Roche Diagnostic 
Systems, Branchburg, NJ). Twenty microliter aliquots f samples of \^ole blood or platelet rich 
plasma were requited to determine the platelet count at each time point. Hematocrits were 
measured using the microhanatocrh technique (12,000g, 4 min). 

Whole Blood and Platelet Rich Plasma Prej^ 

Using a 19-gauge butterfly ileiedle, blood was drawn slo\yly from\the ahtecubital vein fix>m healthy c 
(aduhs aged 25-40 years into four<10mL ^p^ buffer vasti/ /^^ : 

:a^^ citric ddd^jiJSi^^^ 

|^^ft^;^pnbrs liad^te^ 

?-?i^nqh t^ inmediatdy traiafero 



waterfo^ih thennostatted at 37^GrPlatelet:Rich Plasnm p^R^ by^ room temperatiiipe ^''^ 

{22 ±\^C) oentrifiigatibn of anticoagulated blood ait ISOg x IS mini^ ^^ole blobd^ platelet'1x}imts 
were in the range 200-3SQxl0^mm'^ , v^liile PRP platelet counts were in the range 400- 
SSOxltfmm'^. . .. . 



1 It 



Effect 4^IUteoth^ 

Two> ndlliliter ?aliquots v of dtifated-vblbod at 37*^G : were tramsferred^, toV. stoi^eredv: cylindrical 
5(bcI6nm i)0ly5tyrene flat^^^ pW.58.485, Sarstfadt^Ia^ Ne^vton;^NC) containipg^^^ 

fiked volume (ca. 4d)iL) of aj^pfdpriate stock poldxamer ISS solutions^to give final' pl^^ 
concentrations of S.0/10;0.S0 and 0:OSmgmL'^ poloxamer 188; volumes of stock poloxameri 188 
solutions were based on whole blood hematocrit. The sample was mixed gently by inversion of 
the tube two times, and the platelet count was recorded at time 0. The sample was then placed 
horizontally in the orbital shaking wateibath and platelet counts recorded each minute for a total 
of 10 minutes. For each concentration of poloxamer 188, a control using an equal volume of PBS 
was studied^' and' eadi p^^of i^cp^ pSfonned dbnorr i^ffie^rfe 




the hun^r of single'platd^s W^to^^ TOfrppb!iH!hg''I?BS'^^^ 





SniLA plMic i^rii^^ 
buflGa-^ 75fiL of ei^^^ PEP, 5bo|Mi;^PI^2-|^ 

188 (2SmgmL^^) or PBS'^ nominal phisma co^n^^ 

0,linMSand l OmigmLT* for PBR/PK; 2-ClAd and polojamer 188 respei&ve^^ 
duplicate samples of blood wefe xoUected le., 8 syringes p^' donor: Two milfiliters of each 
sample was transferred to stoppo^ cylindrical S0xl6inm polypropylene flat-bottomed tubes 
(No.S8.S36, Sarstedt Inc., Newton, NC) and mbced gently by inverting the tube two times. The 
platelet count was recorded at time 0, the sanq)les placed horizontally in the reciprocal shaking 
wateibath, and platelet counts were recorded after 1 S and 30 nunutes of agnation. 
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Platelet rich plasma andADP-induced platelet aggregation 
Tw milliliters of PRP was transfared to a stoppmd cyUndrical SQxl6inm polypropyiene flat* 



bottomed tube containing 83iiL of a 2SmgmL solution of poloxamo* 188 (resulting copolymer 
concentration of l.OmgmL'^), and mixed gently by inviting the tube two times. The platelet 



1 



count was recorded at time 0. the sample was then placed horizontally in the reciprocal shaking 
bath and the platelet count was recorded after 10 minutes of shaking. Forty three nucroliters of a 
lOO^M solution of ADP in PBS was .then added to the sample (resultirig ADP concatration of 
2(A^. Following mixing by gentle inversion of the contamer, the platelet count was recorded IS 
seconds post-ADP additibnr' The sample was then is^udcen in the waUtfoath and the platetet count ' 
recorded at 10 minut^:^#ApP addition. A s^es of control iexpdiments wete^^^i^ 
usinginBS in plkc^ or ADP (83iiL br^l|a£6fPBS^i^^ 



RESULTS 



- ^. V • V ' ;p vov^>/^^ InitLal exp^ino^s- u diakk^ onrvdtratedv^^v^ole^U^ 

: iwd^speciiBp:issb^^ 




platelet aggregation was^due^tOr mechanical shearing of thei^fdatelets^ ' and;^^ethenithei^&Ilvin 
single platelet cbunt :oould be singly e^qplained by adherence of platelets tb the tube wall^during 
shaldng. Using whole blood without^ a^^ additives, the total platelet count fell by approximately 
50% afier ^'lO min'shaking at 160rpm.^ In contrast^ it was found that the sanq)Ies of PRP^ when 
shaken in the absence of RBC (with or without poloxamer 188), showed no meaningfid drop in 
platelet count over the time period investigated (up to 1 hour in total). However, after addition of 
an appropriate amount of packed RBC to the PRP samples at the end of the 1 hour shaking p^od 
in order to simulate A^ole blood, normal platelet aggregation was restored.^ These results mdicate^ 
tlmt:^ tte presence^of RB<G^is ft)r platdet iaigg^ 

theid^jreeipf^pl^ 
prpplj^ropyliK^^ 



\?#;?i^^^^€^ated by: the suifabe of the^^i^^ 




averiaij^ 6f^3^ In comparison; even a^tte 16^^ 

poloxamer 188 used for stliii study (0.05mgniI/*X the platelet count. Mijy c 30%i(41% 
inhibitioi^ p<0.001 vs. control). At poloxamer 188 concentrations of 0 SO, 1.0 and 5.0mgmL'\ 
82, 96 and 86% inhibition was observed respectively. Note that: a) the efifects of poloxamer 188 
plateau at the higher concentrations; b) far the 0.05, O.SO and l.OmgmL'^ data, the rdation 
betwe» poloxamer 188 concentration and percent inhibition is Iog*linear (r = 0.99, not shown); 
and c) fifty percent inhibition of platelet aggregation is achieved at a poloxamer 188 concentration 
of approximately 0.08mgmL'' . 
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Pocentage fill in single platelet count for sanyiles of dtrated whole blood shaken at 90 
o$dllations per minute and„at SI^C. Whole blood sanq>les treated with ( -:-□• • -) PBS 




'i.:: .1-' 



/U!dhib>: of 2|iM Al^ iio PRF i^ted 



25% c| the OT^^ boili poloxam^: 188 and c^ntrpl^^^ 



?8-and:c^ntrpl;M?^jM^ 




COTtiinwd shaking ava- the.]^ plateteE cotuSf iwias^^^ 

observed after the addttion of 2^M. whole biq^ dther in the presence o^absence 6f ^ ^^^^^^'^ ^^i-^i- 
poloxamer 188 (data not shown). No fell in platelet count was observed for control bqierimrats 
in which PBS was added to PRP oni^oie blood in place Of ADP. 

I .... ' • 

As shown m Table n, poloxamer 188 was observed to be a more potojt inhibitor of RBC-ihduced 
platelet aggregation conq)ared to the ADP-receptor blodcer 2-ddofadenosne or the ADP- 
depleting substrate-en^me system PEP/PK 0> < 0.01). In this scuies of eqimments, an 80.4% 
inhibition of RBC-induced platelet aggregation was observed for poloxamor 188 at a plasma 
cottcenlrati n of 1.0mgmL"\ compared to a 37.1% mhibition for 2-ClAd at a plasma 
concentration of 100|iM and a 55.0% inhibition for PEP/PK (0. lmM/20UmL"*), 
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TABLE I 



Efifect of RheothRx* (poloxamer 188) Injection on RBC-induced platdet aggr^ation. 
Average angle platelet counts for 2niL aliquots of citrated whole blood, shaken at 
160rpm over 10 minutes at 37°C. (mean ± sem, n=5). ^iKO.OOl versus control. 
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%lood, shaken at 90ipm at 3TC over 30 minutes: (mean ±^ sem^ iF=5)^^ ^<0.005 
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FIG. 3. 



Fall in single platelet count for samples of PRP shaken at 90 oscillations per minute 
and at a tenq>erature of 37°C treated with ( x ) poloxamer 188 (l.OmgmL"*) and 
( - ") PBS (Control). Addition of 2mM ADP after 10 minutes shaking resulted in 
an initial 75% fitfl itf recovering to 20% of the original count 
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pr Poloxamer 188 hasj)een sIk^ 



iiiipfc^ 1(^ VratrioiM ^ miny^ 

deswbdipg d|ogs ipt7;28X to r^hw lats 

(29). to improve sunival in dog and rabbit models of heibirriuig^c shock (30-32), arid to improve 
the patency rate of microvascular anastomoses in rabbits (33). Clinical studies in patients with 
myocardial in&rctioh suggest that administration of RheothRx Injection together with 
thrombolytic therapy has b^eficial effects on infarct size, left ventricular fimction and risk of 
death, rein&rction or shock (34). RheothRx Injection has been shown to have beneficial effects 
for the treatment of sickle cell disease (13); a pilot diriical study on patients with moderate to 
severe crisis pain showed that RheothRx Injection reduced the crisis duration by 32% and total 
analge^ requirement by 73% (p = 0.097 and 0.036 respectivdy) (13). 
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The aforfflientioned effects of poloxamer 188 have bem attributed to both riieological and 
anthhrombotic actions. Poloxamer 188 has beoi clearly fbavm to improve whole blood visco^ 
and t reduce both the extent and the strength of RBC aggresgation in intra at concattiations as 
low as 0.2SmgmL'^ (6,35,36). Evidence for an antithrombotic effect comes from animal studies: 
a) poloxamer 188 prevented thrombus propagation and secondaiy platd^ aggregation in a pig 
model of coronary aiteiy thrombo^ (12); b) m a dog model of copper-coil induced arterial 
thrombosis, poloxamer 188 reduced the time required for dot ly^ with tissue-type plasnunogoi 
activator (tPA) (10). However, despite these reports of m vivo antithrombotic effects^ in vitro 
studies have been unable to detect an effect of poloxamer 188 on platelets at clinical^ xAemA 
plasma concentraldons. For e^^ the effect of poloxamer 188 on m >7/)pio platdet a^r^^oin 
induced^by exogfbpus ADF was^ investigated lr)r Benner ^ al. (14); shoWied timt althiiw 
high co^centrktiphs (up tb 40i^gmL'^) of the cppplymer causedya dbse^^e^tiitOi^d^^ 
platelet a^egation in P obseiv^ at a copplym^ cbnc^^ 

As the inaximumjplasma cbno^tration after intravenous admu^^ 



1 s\: 



mm 



(37), these results (14) are inconsistent with the observed in ^vmi' a^^ 
poloxamer 188. The present study appears to resolve this inconsistency. While no eflfect was 
detected herein for agoiust-induced platelet aggregation in PRP (Fig. 3), these data demonstrate 
that poloxamer lSi8 is ia potent irdiibitor of RBC-induced platelet aggregation in vi^ole blood, with 
41%>^; inhibition . a^^ p!?^^ . copolymer^ concentration of 0.0Snignd^''l^ and almo^^^^^^ 
inhftit^on at l^mg^ L(Table i). Tlierefore, uarig RBC<induced^p^^^ aggregaiiicm{&^^ 
system, (which iimyjiore^closdy mimicirir situations e.g.,.condMbiB of turbuleotvflowlv^^ 
atherosclerotic vessels or prosthetic devices) as opposed to aggregation iiiduced by the adi^ 
exogenous stimuli,, allows the inhibitory effects of poloxamer 188 to be demonstrated at plasma 
concentrations consistent with in, vivo levels. 
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The mechanism by vduch platelets aggregate in vitro in agitated whole blood samples is believed 
to be due to nucroenvironment release of trace quantities of ADP from RBC (19,38-42). vThe- ^ 
firidii^s;p^ this mechanism; JThe-^ >v 

r-^pt^;;^5^t^/i|^^^ of pMccd;RBG4o^te^ m^^:^-^§^^ 

ADF^depleting system P]^/it#^aibstai^^ RBC-indiioed^ asg^egi^^ wr tiiis^'^iiay^^^^^^ 

stronglly indicates that ApPileakage^fiom;ri^^ ^f^^l^ • v/^^:^^^^r>t^^)n 



initiates) the platelet aggregation; However^^j^^ l^^nl^^n^^'^^^^^ 




Electrophoretic mobility and hydrophobic interaction chromatographic techniques (4,43) have 
stk>wn that the adsorption of poloxamers to polystyrenenanospher^ occurs via the 
polyoxypropylene core; the thickness of the adsorbed layer is related to the polyox^ethylme 
content of die copolymer, indicating that the hydrated pot^xyetfaylene blocks remain e)^ended in 
the bulk phase. Thus the hydrophobic surface of the nanosphere is converted to a non-adhesive 
hydrated sur&ce with flexible, hydrophilic polyoT^ett^lene chains extending into the surroimding 
medhmi. Poloxamer<oated polystyrene rmospheres ^ow drarnaticaUy enhanced biocompatibili^ 
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in model dmg delivery systems, as reflected by reduced sequestration by the liver and greatly 
prolonged drculatoiy times (4). RheothRx® Injection and related poloxamers have been shown to 
reduce osmotic fira^ty of RBC (44) and hemolysis of RBC during cardiopulmonary bypass (8), 
and to strongly inhibit RBC-RBC aggregation (6,14,35,36) and adhesion of RBC to endothelial 
cells (45). These effects are thought to be mediated through poloxamer interactions with the RBC 
surfice, because poloxamers appear to adsorb non-specificaffy to cdl mendnanes. We therefore 
propose that polo»imer ISS irdubits RBC-induced platelet aggregation in: a amilar maimer: Non- 
specific adsorption of the copolymer to the RBC membrane occurs via the hydrophobic 
polyo^^rppylene block, while the hydrated polypxyjethylene^ blocks ren^ the bulk 

phase forming a (^oprotective '1)aniei^Vwhich pi^ents close interactions between a^^ 



' ;br between RBC and the vessel waU and thereby, prevents, daii^ the/RBCI rhemb 
r:^ Cgiisequeritly, ADP rdeasq fipm^RBiC fe;^ ? 
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is important to note that this mechanism^is entirely differeiit from other! inhibitor^tof spdiitaneQUSvvr^ii^^^^ 
|platelet]jiggr^gatioai^ 

effects of ADR (e.g.. iZ-ClAd) after itis idieased finom slw^ RBGJ:< ^.^ ^ f^f":^ fe v i C i^irii ^IfeEi: -1^^^ 
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The ^ent to which RBC-induced platelet aggregation plays an important role i/i wvo uiider '^^^ ^^^^^ 
normal;.conditidns is unclear.. However, RBC-induced.pIatelet .aggregation is likely to occur in 
1 4^situatioiis^wherei.the endotheKum is darnagedAor/iiico 

:j(e g ^ OTdartcare^^^ or onj^^ RBG^g^g^i^f 
^ induced ;platelet activation also is common iii patic»its witii prpsAetic Hea^ 
. undergoing bypass surgery with extracorporeal ciroilation (8); [In many of these conditions, 
. . antiplatelet agents such as aspirin.and dipyridamole are used with success to reduce the risk of 
thrombosis or re-thrombosis. Dipyridamole is of particular value for preventing platelet activation 
in the case of artificial heart valves and vascular prostheses (46), and is of interest because, like 
poloxamer 188, it has only a minimal effect on true agonist-induced platelet aggregation but does 
inhibit 'spontaneous' RB& platelet aggregation at phaupmcologi^^ doses (20). 



lUieqtURx jlrgectipii,;;^ Aw^^ j^appear;^: tq^ :5AerapeuticKpptential:^ 



fijmcti<^ and poloxamen - ■ , 




SUMMARY 



Ahhougji RheothRx Injection has minimal effects on platelet aggregation induced by agonists such 
as ADP, it is strong inhil)itor of 'spontaneous' or RBC-induced platelet aggr^ation at clinically 
relevant concentrations. We propose tlmt the inhibition of RBC-induced platelet iiggregition by 
RheothRx OK>loxamer 188) Injection is a consequence of non-spedfic adsorption of the 
copolymer to the RBC surface via the i^drophobic polyo^ropylene moiety, with the 
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polyo^etb^ene blocks fonning a cytoprotective sheath around the RBC. The cytoprotecttve 
effect of poloxamer 188 prevents RBC membrane damage due to cell-cdl and cell-container 
surfece collisions, and hence inhibits platelet activation and aggregation by prevention of ADP 
release. The inhibitoiy effects reported here represent the first observation oftSMs of poloxamer 
188 on platelet aggregation at dinically achievable p^stological concntrations (<ln^gmL'^). In 
view of its effectiveness and low toxicity, RheothRx* Injection ^ipears to have pot«tial as an 
anttArombotic agent for treatment in pathological conditions of the Vascubr system characterized 
by t^ombosis; as well as prevention of RBC damage fi-om vascuku* prostheses or extracorporeal 
circulation. 




The tecliiiical assistance bf ibsiymdriB Wmi^ is gra^y »:]akm this sbid^ wu 
supported in part by NIH research grants HL1S722. HL 41341 and HL 48484. AHA-<a<AA 
award S37IG, and a grant from Buiroughs Wellcome Co. 



' ,.1' 



I.; 



1. SynperohicPE;t,lJF an^^ ICI Technical Literai^e, ' 

2. ^ Pluronic and Tetronic Surfactants. BASF Technical Literature, 1989. 

3. SCHMOLKA, I.R. A review of blodc copolynm sur&ctants. J Am OO Chem Soc 54, 1 10- 
116,1977, 



4xr-]p:p»fyjL.,:^^ 



^ ■ • '■l'. '^"-"^^ ^tj .1-,- ; -.^I'r* It 




7. lOMAR, v., i^pU^ fc; DA W, B J , LOWE, ■ PffirohiCTF^S 
stiiiUilatiM growth of id/om^ J Exp Efbt 487-493; 1992/ rfi^---. : 

8. DANIELSON, aK., DIJBILIER, L.D., BRYANT, L.R. Use of pluromc F-68 to diminish fit 
emboU and hemolysb during cardiopulmonary bypass. J Hioradc Cardiovasc Surg 59, 178-!l84. 
1970. 

9. GROVER, F.L., HERON, M.W., NEWMAN, MM, PATON, B.C. Efiectdfanonionic 
surfice-active a^t on blood viscosity and platelet adhesiveness. Circulation 39 and 40(Siq^), 
I249-I252, 1969. 

10. LON(3UDGE, DJ., FOLLENFANT. MJ., CatEEN, D.J. Alleviation of compromised reflow 
by poloxama 188 in a canine model of coronary tiiromboticocdusion. (Abstract). JMolCdl 
Cardiol 23(Su[^l V), SI 18, 1991. 



... . V J. 



448 



RBC AND PUTELET AGGREGATION VM. 79. Nos. SfB 



11. JUSHCZ, A.G., FARNSWORTH. W.V. SOBERMAN, M.S.. TUVLIN, MB.. BONNER, 
G.D., HUNTER, R.L., MARTINO-SALZMAN, D., SINK, J.D., AUSTIN, G.E. Reduction of 
myocardial in&rct size by p _ loxamer 188 and manmtol in a canine model. Am Heart J J22 (3), 
671^80,1991. 

12. ROBINSON, K.A.. HUNTER, R.L., STACK, J.E., HEARN, J.A., APKARIAN, R.P.. 
ROUBIN, G.S. Inhibition of coronuy arterial thrombosis in swine by infusion of poloxamer 188. 
J Inv Cardiol 2, 9-20, 1990 ^ 

13. ADAMS-GRAVES, P. RheothRx* (poloxamer 1^8) Injection for the acute painfiil qpisode>of 
ffldde cell disease (SCD): Apilot stu^. Blood ^410a,;i994. • :->:-,-^^y-rk'::^:a^^^i. - ^^r'fy-^' ^ 

14. BENNER, K.Ui, GiAEffl"GENS, P , FREDE, K.E. Aggjri^bn ofiBunSri red blcKttdI«i|lsf.;lis 3 
(RBC);lnd iplatel^ anil its^ireVersal by a surfacie active substance (PIar6^c*rF68) ?^.|Et(^^ Corf 



-i V. 



1 ■ ; t- 



15. BJ§^ FR&, k:E;!H^^ <iie^^«i^ 



Throihbocytenaggregation in vitro. Pflagers Arch 3/5, 45-51, 1970. 

- 16. BEEL, D.N.i SPAIN, S., GOLDSMITH; Hi. The effect of redJWood cells on the ADP- 
induced aggregation of human platelets in flow through tubes. Thromb Ha^ostas 63(1)^1 12- ^ 



5 » . 



17. SANIABADI; A.R., LOWE, G.D.O., BARBENEL, P.C., FORBES^CD: ESect of 
dipyridamole on spontaneous platelet aggregation in whole blood decreases!with the tune after ' 
yenepuhcture: evidence for the role of ADP. Thromb Haemostas J5f2J|, 744^748; IM^^ ; 

18. SANIABADI, AR.. LOWE, G.D.O, BARBENEL, ICn FORBES, C D. Further studies on 
the role of red blood cells in spontaneous platelet aggregation. Thromb Res 38, 225-232, 1985. 

19. SANIABADI, A.R., LOWE, QD O., MADHOK, R., SPOWART, K. SHAW, B., 
BARBENEL, J.C., FORBES, CD. Red blood cells mediate spontaneous aggregation of platelets 
in whole blood. Atheroscleiosis 66, 175-1 80, 1987. 





(Supply 1), '3'%, ' \^r:vV,ri-i '•'■■''yi : : > ^ ^ -* 

24. HELLEM, A. J. The adheavenessofhuman blood platelets in vitro} So^ 

1-117, 1960 f • 

25. BORN, G.V.R. Haraonfaeological influences on platelet thrombdgaesis. Clin Hemorfaebl 5, 
891-897, 1985. 

26. SANIABADI, A.R Inhibition of red cdl dq)endent human blood platelet aggregation by 
, phosphoenolpyruvate (PEP). Thromb Haemostas 69^6^, 1242-1242, 1993. 




Vol. 79. Nos. S/B 



RBC AND PLATELET AGGREGATION 



449 



27. SHAER. G.L.. HURSEY. T.L., ABRAHAMS. S.L.. BUDDEMEIER, K., ENNIS. B., 
RODRIGUEZ, E.R, HUBBELL, J.P., MOY. J., PARRILLO, J.E. Redudon in repofiision- 
induced myocardial necrosis in dogs by RheodiRx Injection ^oloxamo- 1 88 N.F.), a 
hemoriieological agent that alters neutrophil function. Circulation 90(6). 2964-297S, 1994. 

28. SHAER, G.L., HIOISEY, T.L., RODRIGUEZ, E.R., CAAfi>BELL. D.R., SONG, J.K., 
MANABAT, N.C., THOTA, v., PARRILLO J.E. Poloxamer 188,acomp(»i«itar 
peifluorochenucal emulsion ^uosol% reduces myocardial in&rct size in dogs. (Abstract). 
Circulation Wf'<).n-619, 1991 . - 



■ * '. ■ 



29.:LEE, R,C., RH^R. LP., PAN, F.S.. JI, L., W0LLh4ANN, R.L. Sui&ctant^indiiced sealii« 



of eiiectropermeabilized skeletal musdemeinbr^^ Proc Natl Acad Sci !l7SA'^9^ 4524f 



1 



"A i 't-^ 



■if if 



. J.. '^^S^^S* ■V"''' 

C iiiiiroiiic the titatmwrt of hem shock. I SkffgRestil^ k i 

- - -31i^^ RL^i AMUNDSEN, D , WARDEN, J:L ;fOSBU^ IVVITONi^&Gl'TSe? 
effect of Pluronic F68 on circulatory hmodynamics and renal and carotid artery flow during 
hemorrhagic shock. J Surg Res 77, 30-35, 1974. _ , _ . , . 

32. MAYER, D.C., STRADA, S J., HOFF, C, HUNTER, R.L., ARTMANN, M. Effects of 
rPoloxamef 188 in a rabbit model of heniorrhagic shock. Ann Clih iab Sd 2^^3Q2-^;n 

3||KETC^ W.W,, INTERS, F;W,^ Expeniiientai; 

usISpli^^ PlastiCtRecons^ ^ vS^: 

34/JSGHAER, G L , SPAeeAVENTO, L.J., BROWNE, KF,,iaiUEGERi K:A^^ 
R. I A randpmiz^ placebo-controlled trial of adjunctive thesapy^nb . 

Injection (poloxamer 188) in patients receiving thrombolytic therapy for acute myocarcUal 
infarction. (Abstract). J Am Coll Cardiol Stq}pl lA, 344A, 1994. 

35. TOTH, K., SOWBMMO-COKER, S.O., WENBY, R3., MEISELMAN, RJ. Effects of 
poloxamer 188 (RheothRx^ on polymer-induced red blood cell aggregadoa Clin Hemorheol i/, 



-, IT**-*' 




• -"■ ,- ;i ■ ! ■ ■ ''^ ; i 

^ ~ ... ,-.1 , I, . . . 
.1 (^r^r -.1" ■' --;;t^\ •* 



39. HARRISON, M.J.G., MICHHLL, J.R.A. Influm* of red blood ceUs'on platelet adheshfoiess; 
Lanc^2, 1163, 1966. :f - 

40. AURSNES, I., GJESDAI, K., ABILDGAARD, T.J Platdet aggregation induced by ADP 
from unsheared eiythrocytes at pl^iological Ca** concentration. Br J Haematol 47(1), 149-152, 
1981. 

41 . REIMERS, R.C., SUTERA, S.P., JOIST, J.H Potentiation by red Wood cdls of shear 
induced platelet aggr^tion : rdative importance of pbyacal and chemical mechanisms. Blood 
W^<j;, 1200-1206, 1984. 



450 



RBC AND PLATELET AGGREGATION 



Va. 79. NOS. 5/8 



* r I' I 



42. SANIABADI,AR<> LOWE. G.D.O., BARBENEL, J.C., FORBES, CD. A comparison of 
platdet aggregation in whole blood with platdet rich plasma: additional evidence for the role of 
ADP. Thromb Haemostas SlfJ), 1 lS-1 18, 1984. 

43. CARSTENSEN, R, MOLLER, B.W., NfCfLLER, R.H. Adsorption of ediOT^lated surfectants 
onnanopartides. L Characterisation by hydrophobic interaction chromatography. IntJPharm 
67,29-37. 1991. 

44. GASTFGENS, P., BENNER, K.U Osmotic behaviour of human red blood ceUs: Effect of 
non-ionic detergents. Bhit 29, 123-133, 1974. ^ ^ :^ ; ; - . 

•45, SMmi,.C.M., HEBBE^.ILP.,TlJkEY,^.P:, tii^SON, €.C., vte IG}J ^v.^-i-iM^Y-^ ^- ^.S^ff^ 
^VERCEtote-G:!^ adfiwencg-aitd^i^^ thi'^" 

^AedogybfligandedsicUe erythro^ '^ fi^^ '^''^^^"^W:^^^:'^^^ ■ 



.■4- •* 




"■1 



J 



J 1. , • 



.1 ".'i " 



r .t>« -T il : 



V'v ' ' » 'I I ■ 




5-/ • -Atvi.*-. vn;," 



H'v^' 




STIC-ILL 



From; 

Sent: 

To: 

Subject: 



Gabel, Gailene 

Monday, January 06, 2003 5:03 PM 

STIC-ILL 

09/853.524 



Please provide a copy of the following literature ASAP: 

1) Rubin et al., New RGD analogue inhibits human platelet adhesion and aggregation and 
eliminates platelet deposition on canine vascular grafts. Journal of Vascular Surgery, (1992) 15/4 
(683-692). 



2) Armstrong et al., Inhibition of red blood cell-induced platelet aggregation in whole blood by 
a nonionic surfactant, poloxamer 188 (RheothRx injection), THROMBOSIS RESEARCH, (1995 Sep 
1 5) 79 (5-6) 437-50. 



^ 3) ELY et al., PROTECTIVE EFFECTS OF ADENOSINE IN MYOCARDIAL-ISCHEMIA, 
CIRCULATION, (MAR 1992) Vol. 85, No. 3, pp. 893-904. — — — 



4) Bastida et al., Differentiation of platelet-aggregating effects of human tumor cell lines bas( 
on inhibition studies with apyrase, hirudin, and phospholipase. Cancer Research, (1982) 42/11 
(4348-4352). ' v. 

5) Lee et al., In vitro platelet abnormalityjin^adenosine deaminase deficiency and severe 
combined immunodeficiency. BLOOD, (1979 Mar) 53i(:3) 465-71. 

6) Cattaneo et al.. Released adenosine diphosphate stabilizes thrombin-induced human 
platelet aggregates. BLOOD, (1990 Mar 1) 75 (5) .1;081r6. 

7) Wang et al., Exogenous adenosine application inhibits thrombus formation in stenosed 
canine coronary artery and partially protects against renewal of thrombus formation by epinephrine. 
FASEB Journal, (1995) Vol. 9, No. 3, pp. A322. Ai ; 



Thanks a bunch, : qor 





Gailene R. Gabel 

7B15 

305-0807 




Research Advances Series 



893 



Protective Effects of Aden sine 
In Myocardial Ischemia 



Stephen W. Ely, PhD, MD, and Robert M. Benie, MD 




denosine functions .in a multiplicity of physiolpg- 
ical' and pathophysiological^ and servjes as 
negative feedl)ack'reg^latqrih th^ 
' tular sysitem as ,weU a^ types.{Many of the 

r ^actidnsSbta^^^^ 

s f Mtureiijahd the niwleosid^^ been^tenfe 
, \ioxy nietab61ite^,because^^^^^^^^^ jproperties. TTic pjre- 
sent review is limited to the invoWement of endogenous 
and exogenous adenosine in myocardial ischemia and 
the meansvwhereby adenosine can protect the heart 
from the deleterious effects of an inadequate blood flow 
_ and oxygen s^^^ v > i . : 



Recently, considerable attention has been. focused on 
the pathophysiology of myocardial ischemia with subse- 
quent reperfiision and.on methods of redudng reperfii- 
sion injury and the associated reversible postischemic 
dysfunction of the ventricles.^-' The prolonged dysfunc- 
tion of the ventricles after an episode of ischemia has 
been termed myocardial stunning, as contrasted to irre- 

; „yersible_ injury characteristic of mypcardiaL infarction. 
' Furthdhnbre; there has been an enormous interest in the 

f^iphsuma^ 

: V raffltbf tt^^ ih:the areas of thromt(6- 

lytic and- angioplastic recanalization of ^stenotic or oc- 
jdudedACoronary aiteries; G^dioplegjc.aa^t .d car- 
Mac /^urg^i^il ^tedmiques; far 

■3^; Slrtimaw^ is^ characterized^^l^ 

-^;%ul functions 

'ischemic Aatf^ da^There are 

measuil^^bie, idefec^ in myocardial cell voluq^e and ibn 
ontent, loss of intracellular nucleotides, and contractile 
dysfurictiori.?-^^*^" There are many possible mecha- 
nisms of myocardial stunning. 

Inability of the cell to produce sufficient energy. Aden- 
osine triphosphate (AlP) levels are known to be de- 
pressed for hours to days after an ischemic epi- 
sode.^'>i*i^'^*^^ During ischemia, mitochondrial function 
(as measured by the ratio of state 3 to state 4 respira- 
tion) remains intact while ATP levels fall significantly. 
Reduced substrate in the form of adenosine monophos- 
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phate (>MyfP) or^diphosphate.(ADP) may play a iple in . 
myocardisil stunmng^}^;Furtheipp^ <a> 
l&mbf bloi^ 

'tissue Po^imtochdncliM^e^ ^^-^ 
isarapiiliiutochbn 

' AlPiTI&hydrb^ tBie^iiei«^ 
in^pH tluif dfevdb^ dii^ l>-:^y''^\ -^^5^ v-^^ 

Inability to use energy. Creatine kinase activity and 
free ADP are reduced in stunned myocardium and 
may contribute to' functional abnormalities of the ^ 
myofihrils.*'-2a 

Inadequdte^irr^ocardm Factors that msef , ,. >; 

contribute^tp ian^insuffident bloocl ffow: ihdude ,end(h. > 
thehad; andn n^oD^ swelhng, microvascular 

tluonilx»ii^5l^w(^ ' 
muscle dl^fimctipii.^'-?^ 

Generatioh of oxygm free radicah from actiwtted nm 

^in^phUs arid front the &uhdtduun^ 
may lesuU in the formation of oxygen free radicals, 
including the superoxide anion (62'); the faydnixjl 
radical (OH~), and hydrogen peroxide (H^)- These 
oxygen free, radlicals may contribute sign^kant^ to 
depressed myp^idid'fiinctibn^v^ leperfrision of isch- 
eniic myocardium;. Free radicals are^h^^^ 

Vca|yable/dff cau^ 'p 

;!prbtein^ 

' and Isarobpiasi^ 
effects o^antisxidants 00 stuBued^rm^ 
V poift^aitici^Jw^ 

^' obwrv^idlii^ ; : I 7 

••^I'J.OtHe^ihy^ 
invstimnedimy^^ 

dyfsfUnc^^ the^^ 4^^? 

contrai^iie afqiia^tiis,^. red caldum sensitivitj^of the 
contractile: qiparatus despite elevated int rapeBnlar cal- 
cium ooaceutiatic^^^ and cakiom CTvCriOc^ ;Rr1ud; sssy: 
be tranmnt and may contribute to damage of intracellular 
organeUes.^ An extensive review of this topk recently 
appeared in this journal and the read^ is relied to it fin' 

more detailed faifimnatkm.^ 

Summary. Myocardial d|ysfunction afler an ischonic 
episode is multifactorial in etk>lpgy. Factors reported to 
be associated with myocardial stuiming are hi^-energy 
pho^hate production and utilization, inadequate myo- 
cardial perAision, free radkal mjury, and alterations in 
calcium metabolism. 

Regmal R^erfusim bgury 

The use of intra-arterial adenosine infusion to hasten 
recovery of regionally stunned myocardium was initially 
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predicated on the fact that ischemia results in depletion 
of ATP/i-^ If the oxygen deprhration lasted longer 
than 10 minutes, the repletion of ATP was a prolonged 

pj;^^ a.ii.i2.i4.is>&-A7 fuj3 53 attributed to very slow 

rates of d novo nucleotide synthesis^^ and to limited 
salvage of adenosine, inosine, and hypoxanthine be- 
cause of their rapid washout from the tissue on reper- 
fiision.^-^ Regional ischemia is also associated with 
regional contractile dysfimction,^-^*^^ and a causal rela- 
tion between ATP content and myocardial function has 
be n hypothesized, ^^^-'3 although evidence exists both 
for and against such a relation.^ 

the efficacy of adenosine as a substrate for myocar^ 
dial nucleotide formation .was first , demonstratedvby 
I^lhardret al.^-^ In these studies^'adenosineawa^ 
infiisedjinto the: left atnu^, left' ^ 



Infarct Size Reduction 

A series of articles has recently been published by 
investigators at Vanderbilt University. Nashville, 
Tenn., on the ability of adenosine to limit infarct size 
in a canine model of LAD occlusion with reperfii- 
sioQ 62-65 Ola&son et al^^ administered an intracoro- 
nary infusion of adenosine at a rate of 3.75 mg/min for 
the first hour of reperfusion after a 90-minute LAD 
occlusion. Infarct s^, measured by vital staining with 
triphenyltetrazolium at 24 hours, was reduced in the 
adenosine-treated group, both when expressed as per- 
cent infarct of the area at risk (10% versus 41%) and 
as a perceni of tlie left ventricle (4% versus^|8%)^^ 
Rejgibnai.ventribulaur fonction was assessed l>y contira^^ 
* venthaildgraphy.4Both.regional and globali^inde^ ^^^rl 



J * . i 



. yi.' . v.-.--,!- 



vipLife i^^^..idjC^;^A^^^ in myoc^ial; 



^lT^^^;■ 

f ^ ... . 



rats, and 21% in dogs. These changes'xicain-ed withdur 
a change in ventricular function. 
In subsequent studies with a canine model of 45- 
.^v'.minute , occlusion of a diagonal ubranch of the left 
anterior descending (LAD) , coronary artery and. a 
>^3-hoiu-penq reperfusion,;yintr^cprpnary.4nf^^ 

adenosine -was shpTOrtOiincrea^^^ 
k^^^ ^ fMmafe In' a similaiptjii^ 

, lin ATP was vnot associated with>an impro^ 

regional contractile function,^^ Conversely, Wyatt.et 
al^^ showed in a canine model of IS-minute LAD' 
occlusion that an intracoronary infusion of adenosine' 
(G.1 /unoi/min) during the reperfusion period resulted 
in a marked improvement in segmental ventricular 
systolic shortening during the 2 hours of reperfusion 
studied. They reported a 68% recovery of shortening 
in the adenosine-treated group and a 17% recovery in| 
.s.^^ con^^^ groupr.at 2 hours of Teperfusiom^'^These^ 



infiltration and capillary plugging and enhanced endo- 
thelial preservation. These findings were confirmed in 
a study ptsmilfx design, but.the.durat^^^^^ 
occlusion was 120 minutes.^ However^ when the 
Jengthqtl^^ 
"^xar^^cp^ 

^ '^nfere^irecent^s^^ this' same an]^d;:(9^ 
. . .LAP^occlusibn,^ 72]:hour reper^§ioi^)|^ adenbsih^^^^^ 
mg/kg/min) was infused intravenously ^during the first 
hour of reperftision. There were no significant effects 
on heart rate or blood pressure; and infarct size'tas 
percentage of area at risk) was 35% in controls versus 
17% ^in the adenosine-treated group. Better regional 
ventricular function, reduced capillary plugging, and 
preservation of endothelial cell structure were all, seen 
in' the'adenosine-tfeated group.'^/ - ' v ^ ^^-^ ^ 

Studies on adenosme and mfarct size reduction are : 

" ■ mip^y^m^vm^^-^M 



^r -.^ also 
A./i^il^^i :;J?wcts^^^ on recovery:; 

t . H lar functi<m,x5)uld,be preyent* 
; . . i^P^r^lwitagomst 8-phenylthc«j 
>^?:rk>v -^^^ between regional 

rewew.^or pM^ motropic agente;.^ 
stimulaj^g^ stunned 'mybcard^^ de- 
arie in^ATj^ lewis, suggesting^at^ene^gy pr^ 
(ion can meet increased demands, imder these condi- 
tions.*^ Furthermore, interventions that increase ATP 
levels in the stunned heart have not been successful in 
restoring mechanical fitnction.^i However, infused 
adenosine does increase myocardial ATP formatiun 
during basal conditions and after ischemia. Further* 
more, adenosine infusions result in a significant im 
provement in postischemic regional contractile func- 
tion with brief (15 minutes) but not long (45 or more 
minutes) periods of coronary occlusion. It is unclear 
whether the beneficial effect of adenosine on ventric- 
ular function is related to changes in adenine nucleo- 
tide levels or whether this beneficial effect is derived 
from other ffects on myocardial metabolism (i.e., 
g^colysis), microvascular perfusion, or oth r undeter- 
mined mechanisms. 



.udocame;wasJadminlsteredat the timc of iOcc|usion'^^d 
..at the> onset of ^reperfusion. ^^p:: v>5U'^^ V.= ^t^^y;. 

Retrograde icoronary venous'' infusion of: adenosine 
has also been reported to redu(ie infarct size-^^^ In this ^ 
study, adenosine (20 /ig/kg/min) was infused retro- 
gradely via the great cardiac vein for 30 minutes after a 
60-minute ocdusion of the LAD coronary artery in 
pi^. Udocaine was not given in this study. Retrograde 
adenosine infusion resulted in an infarct size of 27% of 
the area at risk, whereas right atrial infusion and vehicle 
controls resulted in infarct sizes of 52% and 56% of the 
area at risk, respectively. 

Summary, Intracoronary infusion, retrograde coro- 
nary venous infusion, or intravenous infiision of aden- 
osine can significant^ reduce inforct size if the length 
of ocdusion is less than 3 hours. Udocaine may coitfer 
additional cardioprotection when used in combination 
with adenosine. 
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Gbbal Ischemic Injury 

Open heart suigery requires a period f aortic cross- 
clamping during cardiopulmonary bypass. The degree 
of myocardial injury during these episodes of gtobai 
ischemia is markedly reduced with standard cardiople- 
gic techniques of hypothermia and potassium-induced 
arrest. However, these methods are not wholly effica- 
cious because metabolic and functional injury second- 
ary to ischemia and reperfusion have been documented 
both in experimental and clinical models.^^ Whereas 
^ there may be mai^ mechanisms invoked in reperfusion 
injury,^'"'"'**-^ a.deCect in metabolism pbys a signifi- 

\cantrole. -..V . ^' .y;:/^^- v^- -V 

% et aP^ firstisiiffiested thatvi-eccw 

^ ^dunngf x^pe^^ 

^ mecura^ *jgrad^ and^pstied 



T-mediated 



ine moddof 
iutesvdiile the 
bypass. 



mechanism or throu^ 
anisms has yet to be ascertained. 

Cardioplegia 

In an initial study addressing the 
tial of adenosine, F ker et aP^ used a 
global nonnothermic ischemia for 20 n 
animals were supported 

addition to adenosine- along (26 nig^gi.a;t..boluh jujtfuv 
tion), the adenosine deaminase inhibitor EHNA 
(erythio-9-[2-hydraxy-3-noii^]adenine faydioddoride) 
was also used alone (IQ mg/k^ or in oombinatiCTi with 
adenosine during 20 minutes of isduania and:3d min- s 
iites of retierfusion. Adenosine or BWA aloiaeihad ho >/t%' ' 
>effiBd,ohvrepeifiision ATR^toiM»ntiatiQns/riB^^ 
^EHNA pms adenosme restored *~ * " 



^ ischeiicua ahdisubsequent ;repeiFfusibn,^^^ ;pils^cbnc^pt 
. led ;toianJcver?gr(wmg^mtejt)est .m 
I, t iment ot^postischemic ::myoc2^ efforts 
' " have since focused on a multitude'of substrates, the 
discussion of which is beyond the scope of this review 
but can be found elsewhere.''* 
' A niiinbibrctinvcstig^fo 
the us&c^^adencsnflN^ 
i^^i^'clunM^^^ 

f ^:|;itcwett6^ ' rat 

" ' hearts were; to low-flow^iscfe 



tion mwKm^ flow) until' vra^ 
and then for an additional 30 minutes. The hearts were 
then reperfiised for 30 minutes at normal flow rates. 
Adenosine (SO /imol/l) was'addedlo thrfM;!^ fluid 
at the time of onset of ischemia and maintained 
throughout reperfiisibn. Tliis procedure had no effect 
on tissue high-energy phosphate concentrations. How- 
ever, a close relation between ATP concentrations and 
^ventricular pofwer in posttechemic hearts was "noted,'" 



'-*.! 



hieher dose'of adenosme for:aortic:n)ot>mfusion^diuringi^^^^^^^^ ^ 
repei^icm (40 nijg/kg). They found th^ afterdO min- 
utes of ischemia, admosine alone or in condnnatii 
with EHNA (10 tag/^) maintained ATP at a level no 
diiferent from preischemic^ levels^ d^^^ 
reperfusiw period. Hence, adenossnefievefl^tiie^ 
HinAt^fE^^ 

■|stiMj!5^(fi(t|t^^ ^^''^ . 

t "In a^stud^ injw^ .. . 

''coidnsiry blobd- floiv were 
canine model sulqected to 1 hpiu; of :g|ol)d no^^ 
mic ischemia,^ bur laboratory compared standard hy- 

' peHcalemic cardioplegia vrith pimiie^enriched asan- ' 
guinous cardioplegia (adenosine 100 /iffiol/l, 
hypoxanthine 100 /imbl/l, and ribose 2 mmol/l)^ or 
blood caidioplegia.^ in the purine-enriched cardiople- 
gia group, ATP degradation during ischemia .was s^^uf- 

licantlyrcduip©^ 
lar fiinction' was s improved- when- ocnnDared 




ittiii 



* ^ f biir^abt^^ adeno- 
t fsiMimtB^^ 

- 'Miliar f^^ isolated pei^sed rat hieart prepara- 

■tibn in wWch hciif and 
afterload, and ooroiiairy flow rate were all held con- 
stant.^ tliese hearts were perfused with or without 100 
/miol/1 adenosine througliout the protocol of 30 minutes 
of equilibration, 10 minutes of nonnothermic isdiemia, 
and 60 minutes of reperfusion. Adenosine significantly 
increased ATP levels at the end of the ischemic period 
and during the reperfusion phase. Ventricular fimction 
was increased during the reperfiisios period in the 
adenosine-treated group; however, these data do not 
establish a cause-and-effect relation. 

Summary, ATP depletion can be retarded by adeno- 
sme, and this effect is associated with mqiroved post- 
ischemic ventricular function, thus supporting the use of 
adenosine as a cardioprotective agent in global isch- 
emia. Whether this effect is mediated via a sahrage 



fluid didlnot ;Si^tMcantfy.i^ 
after ^Mitun^ 

minutes df r^J^rfusibn, suggesting^t^^ ATP^and cpn- 
tracitfle recovery^ not be lelated-rlfigber doses of 
adenosine, from 100 to 400>mol/V dcmonsteate bene- 
ficial dose-dependent effects on both adenine nucleo- 
tide preservation and posttschemic ventricular function 
with an optimal concentration at --200 |imol/L«*-*^ 
Several studies in both isolated crystaUoid-jpeifiised rat 
hearts and blpod-perfosed baboon hearts (in vivo) have 
demonstrated enhanced cardioprotection with adeno- 
sine with doses of 1-10 mniol/Lw-« 
The use f adenosine as the sole cardiopl^ca^ntw 

or m combination with potassium** is effective when 
used in high concentrations (1-10 nsmol/l) by virtue of 
die ability of the nudeoside to induce cardiac anest or 
to hasten potassium-induced arrest These effects are 
caused by an adenosme-induoed activation of the out- 
wanl potas^um current and ^bsequent monbrane 
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hyperpolarization.^ Furthermore, adenosine-supple- 
mented caidioplegia is also effective at clinically rele- 
vant hypothermic temperatures.^^>^*^ 

Simmary, Thsss studies suggest that adcncsiaa, eithci 
alone or in combination with potassium cardioplegia^ 
provides additional cardioprotection during nonnother- 
mic or hypothermic global ischemia. Adenosine has been 
shown to reduce ATP degradation during ischemia, to 
increase ATP resynthesis during reper6ision» and to 
enhance postischemic ventricular function in crystalloids 
perfused and blood-perfiised hearts. 



X 
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explained on the basis of metabolic depression derived 
from postischemic contractile dysfunction. 

Preconditioning has been reported in dogs,**» rab- 
bits,i^^ and pigs.*** Also, it has been suggested that a 
preconditioning effect could be conferred in humans 
by sequential 90-second occlusions in patients under- 
going elective coronary angioplasty.^^^^ The mechanism 
responsible for preconditioning is not completely 
known; other mechanisms in addition to ttie observed 
reduction of energy utilization may be involved, ^oa 
Recently,, adenosine has been implicated in precondi- 
tioning,!^ and the beneficial effects of preconditioning 
could be- prevented by pretreatment with the adenb- ^ 

.IJiisobs 

^^Jsim^^ 

^ -inoreiintratv^nbiis li:J 



Caniiac Tmn^lantatUm ' 

Ififi^T^ppuc arrest an(t/oi; h}potheraup. st^^ artl 

methods foriii viro^neser^tioi^ 

; ife ^attributed: to Syperkadeimc^ a^' slMiiat^^pMctft?e^^ eff&^ 

sohitions.»^-» The ability to extend storage tune and against the subsequent prolonged ischemic epi- 

preserve transplant oigan function has been the subject sode.»<» "o These observations suggest that adenosine 

of many^studies.. i v m-i^-- . rr kP^i^f^ 

ReoMitly, the^ise of adessdne in cardiac transolant changes seen in preconditioning. 
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m can^ were stored for 24 hours in a 

continuous Iq^thennic perfusion system. Similar results 
have beeii r^^ohed by Ledinj^^ ' ^ 

We have also found that adenosine increases the 
tolerance to ischemia in an 'isolated normothermic rat 
heart modeLT^ The preischemic perfusion of 100 /tmol/1 
adenosine for 30 minutes before the onset of total v 

M time: to^onser^fa^ 



Cmrdioprote<^e Actio by Adenosine 

Formation and Metabolism 

It is clear that protection of the heart from episodes 
of ischemia or hypoxia can be achieved with both 
endogenous and exogenous adenosine. Endogenous 
adengme.isiprii^ 
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'Pt^ixfidiiiohing - . V: : 

Murrj^ct al^o* observed that n^oiiaWiimi that is first 
.^posed tp multiple brief periods ot ischemia is more 
tolerant to a subsequent episode of prolonged isch- 
emia. They termed this phenomenon ischemic precon- 
ditiomng. Tlieir data indicate that mfarct size in 
respome to a 40-minute coronary occlusion was re- 
duced by 75% (29-7% of area at risk) when the area 
supphed by the occluded artery had been previously 
subjected to four successive S -minute periods of isch- 
emia, each separated by 5 minutes of reoerftisJon. 
ircconditioning dramatically increased the tolerance 
Of the myocardium at risk to an therwise lethal 
ischemic event The increased tolerance to ischemia is 
associated with a reduced rate of eneigy utilization 
dunng ischemia and a slowing of glycolysis and dyco- 
genolysis.«B This effect of preconditioning cannot be 




lavreactioii cataljrad by SAH Iqrdrolasie, tbei equihlnium 
constant &vors the formation of SAH, and' a I^ p^^^ 
oentage of the intracellular adenosine is bbiind to SAH 
and cannot be d^ded by adenosine deaminase. Fur- 
thennore, adenosine release from SAH hydrolysis does 
not inoease during hypoxia-mduced mcreases in' cardiac 
adeitosineformationandrelease.il'' 

Endogenous or exogenous adenosine is removed by 
1) phosphorylation by adenosine kinase to AMP, 2) 
degradation to inosine by adenosine deaminase, or 3) 
washout in the circulation. Because the K„ for adeno- 
sine kinase is 100-fold lower than that for adenosme 
deaminase,"* the preferential pathway for adenosine 
metabolmm is for sakage by phosphorylation to AMP. 
The purine sahfage pathway is critical for the regener- 
ation of cardiomyocyte adenine nucleotide pools after 
an ischemic or hypoxic episode because the pathway for 



J,. 
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de novo nucleotide synthesis accounts for only 0.4% f 
the total nudeotid pool per hour.^^ Purine saWage can 
also be accomplished by the degradation f adenosine 
to tttosme, which is then degraded lo hypuxaDihine, 
which can be phosphorylated to IMP and th n aminated 
to AMP. Furthermore, adenosine can be converted to 
adenine, which can be ribosylated to form AMP. Both of 
these secondary salvage pathways (for hypoxanthine 
and adenme) are limited because they require phospho- 
ribosylpyrdphosphate, which is present in low concen- 
trations in the myocardium-^'-^^o However, adenme«i 
.and hypoxanthine^^ have been shown to be effective in 
preserving pdstischemic ATP and myocardial function. 
31ierefOTe;ahc purine represent the 
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dipyridam le may induce subendocardial ischemia in 
the presence of significant coronary stenosis. Tran- 
sient myocardial ischemia with regional contractfle 
tiysfuuaioii, cheSi pain, and ischemic clcctrocardfo- 
graphic changes has been reported in patients with 
isolated stenoses of the LAD coronary artery in 
response to dipyridamole.'^^ 

It is also interesting to note that coronary isdiemia 
does not result in maximal vasodilatiott^ It has been 
suggested that local or refl^ o-adrenergjc tone msj 
limit ischemia-induced vasodilation^'^*'^ Vasodilators 
such as adenosine have been diown . to provide addi- 
' tional^ vasodilation; when^f infused during myocardial 

ischepiay^>''^:^^?H^.v <wii^.^r^= 
TlieJbiide^ 

' > mq^ease ceUularac^^ 
OThancei AJl^ 
dragf^^^heii;p^^ 
ihhiBitixr EHNA^ maai^^^ii^^ 
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Adenosine and other nucleosides traverse the cell Inhibitors of adenosine deaminase such as mn«A 
membrane via a nucleoside carrier system that repre- 2-deoxycofonnydn increase leveb of myocardial aden- 

^ ^ . ^^y^^^ible proc^^bf simple and^fadUtated^ ^^osiriea^ its breakdown to mosme andJiypo- 

- - xanthne.^'^^ Adenosine deaimnase uuubito^sn toe set- 

isdienn^^sujdytspe 
ihtefstitiajl' adeii 

; ; ^m^^lfi^ rmaintenaku^ bf adenibennucleotid^ Jevbls:^^^^^^^ ^ 
^ ^ ^ -^rm^^^^^^^^^^^SMs^wA r^eMisidriflMfe agents include ^ ^ 
^ V ' NBMPR (nitrobcnzyhn- 

ercaptopurine riboside). 

Dipyridamole has been shown to uihrou nucleosiuc 
(adenosine) transport,\29.5M and several studies have 
demonstrated its ability to reduce infarct size,>3>->» 
although not all studies are in agreement.'^ 
Mioflazine is a chemical analogue of lidoflazine and 



tiOTi^f^^J^^llli^ by^sCiiT 
hanc^d- purine, salvage and by reduced fircc radicat- = 
induced injury. Because uric add also acts as a firee 
radic^ scavenger, limiting its formation with the ise of ^ 
adenosine deaminase iiih3>itors could also paradoxically 
enhance free radical-induced injury. The overall eSects 
of adenosine deaminase inhibition on free radical- 
induced injury have not been studied. 




reianktion and contractionyTHiese preUnmary data sug- 
gest that adenosine trjarisjibrt iiihn>itibn might iniproVe' 
yehtriciilar function after thrombo^is-indiiced reiper- 
fusion. However, these findings await further study and 
;c6nfirmation. 

Dipyridamole is also used to assess coronary pcrfu- 
isibn in conjunction with myocardial "'Tl scanning in 
patients as a nonmvaswe test to assess coronary artery 
disease. Dipyridamole is believed to dilate coronary 
vessels indirectly, with its mechanism of action involv- 
ing locil increases is adenosine concentration by 
adenosine transport inhibition. Dipyridamole*^ and, 
to a lesser extent, ad nosine infusions"* have be n 
shown to decrease the subendocardial-to-subepicar- 
dial flow ratio, and in the case of dipyridamole,*^ 
endocardial flow has been shown to decrease, impli- 
cating a true steal phenomenon. This suggests that 



paMeintisc^eatea^thjdipy^ -— . --^^^ ^^•^•^^■^■^^ ■■-^^i^Lj:^^ i^^^A 

T : ^ ^^^^r-.^ Litracrionrhie^ nr^lfeinanf data^sufir^ inotropi^^^ A,-^cxvt^ m ft^hcart aba 

appear to mediate the beneficial effects of adenosmc in , 
prolonging the tune to ischemic ccntracture*^* ^^ 
preccmditioning,***^"® which may invohre activation of 
Gi proteins*^ and glycolytic flux. 

Adenosine Arreceptors are apparently located on 
the coronary vessels, because intravascular Aragonists 
are more potent coronary yasodflators than Ai-ago- 
nists,'5» Thus, it has been postulated that exoj^nous 
adenosine stimulates Arreceptors, which induce va»i- 
smooth miiscle relaxation, although the mechanism 
for this response has not yet been cluddatcd. Endothe- 
lial receptor stimulation by e«)genous adenosine in 
guinea pig aorta contributes approximately 30% of the 
vasodilati n. The remaining 70% results from direct 
stimulation f receptors on vascular smooth musde and 
is observed after removal of the endothelium.*'* 
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Therefore, adenosine and its analogues aid in protec- 
tion of the heart from injurious effects of ischemia and 
hypoxia by activation of the adenosine receptors. 

Coronary Blood Flow 

He earliest response to an inadequate blood supply to 
the myocardium appears to be dilation f the coronary 
resistance vessels. Considerable evidence supports the 
concept that ischemia or hypoxia-induced vasodilation is 
mediated by the release of adenosine from the myocar- 
dial cells.^«>-*« Furthermore, the degree of vasodilation 
and the release of adenosine from the heart are direct^ 
propdrtional to the degree of ^pj^fgen^^ d^^^ 
Adenosine represents the fim Jine 



? l^:5^iiooLbf the 



more, other pacemaker cells (e.g.. His bundle, Pur- 
kinje fiber) are also depressed by adenosine.^^^'^ 

Inotivpy 

In the atria, adenosine has a direct negative inotropic 
effect.^*® It shortens or abolishes the action potential*™ 
and causes hyperpolarization of the membrane by en- 
hancing potassium ef3ux by activation of the potassium 
channels.«2.i67 However, ia ventricular muscle, a direct 
effect is lacking and a negative inotropic response is 
observed only if the tissuie is first stimulated by cate- 
cholamines and the adenylyl cydase s^tem is activat- 
ed^*7i*|^ ^ As with tht chrpnotfopic 
effect^ Goi die hearl^ 



lar (AV) node and the coronary vascular smooth mus- 
cle to endogenous adenosine produced by hypoxia is 

^ . ./ v M ^^ff ^yPA^Ty reg^^^ max- 
imalfy dilated, a greater degree of oxygen deprivaUoQ 



iS-adrenergic-enhanced adenylyl cyclase activity 

not the basal activity of this emyme. Furthermore, the 
.Aradenosine agonist phehylisdpfrdp3^1i^^ 
ates the ;3-adrenergic-induced incre^ in adenylyl ^ , . 



' Mbalancei ' drombtropic e^^ been 
stiidied extensively in the isolated p^rfi^ pig 
heart, i$ also imcdiated by adenosine-^^^ A^^naoderate: 
decrease in the global oxygen supply of the isolated 
perfused guinea pig heart elicits a conduction delay? 
between the atrium and the bundle of His, and a greater 
reduction in oxygen supply results in AV block."^ The 
degree of impairment of: AV conduction is roughly^ 

. , ,:Proportiqnal::to:^ 

. _,ischeiiuc>myora 

receptor' 
by aommistrations 



release ^uffidentjaflen^^ 

neural rdedse'of nbrepineplirine.^^^ M isch- 
emia results in therteiease of ehdogenbus^^ 
amines,^^^ which stimulate myocardial metabolism and 
increase oxygen needs. Ischemia also results in the 
production and release of adenosine.^^ 
Therefore, in ischemia, endogenous adenosine can , . 

release of the tnetaboUc sWrimlaht iS^inm 



-.r■''•■■^■■'^i?i 



, jatmg- suprayem taeh^^caidia jh'^w^ the AV 

' : AV lA>c^ the heart rate is (iecrei»ed; wUch reduces the 
oxygen n^eds of the heart, theret>y aiding in protection 
f the myocEirdium from the detrimental effects of 
oxygen deprivation. 

With high concentrations of myocardial adenosine, 
which can occur with severe reductions in oxygen 
delivery, the sinoatrial (SA) node becomes depressed 
via activation of Apreceptors. The resulting bradycar- 
dia reduces the oxvaen remiirRmAnK nf »)ip hAart 
further, thus affording additional protection against 
ischemic damage to the myocardium. This effect of 
adenosine on the SA node observed in guinea pig 
hearts^« has also been demonstrat d in humans^^s and 
can be abolished by Apreceptor antagonists and po- 
tentiated by adenosine uptake blockers. Further- 



game phosphate, aU: of increased when oxy- 
gen>availabU 

similarly iincreased iCresfXH^ nucleotide 
degradation, and a possible role for adenosine in medi- 
ating glucose transport has been proposed.!^ Raberger 
et aP^ demonstrated that intracoronary adenosine in- 
fusion in dogs increased myocardial glucose uptake 
without eliciting a concomitant change in oxygen utili- 
zation, althou^ coronary blood flow was increased. 
Because coronary flow was not controlled and the 
increased ^ucose uptake seen during the irausioii of 
adenosine may have been secondary to increas d sub- 
strate delivery, Tturnheim et al"™ used the potassium- 
arrested isolated cat heart and compared constant pres- 
sure and constant flow perfusion. Adenosine infusion 
during constant pressure perfiisi n (and increased cor- 
onary flow) resulted in an increase in glucose uptake 
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and utilization, whereas this effect failed to occur when 
coronary flow was held constant*^ These results con- 
flict with reports that adenosine increases gluoKe up- 
take in isolated hearts with both constant pressiire*^ 
and constant flow perfusion.*''^-*** Furthermore, Jesmok 
et aP^> demonstrated that adenosine increased glucose 
uptake in an isolated supported dog heart perfused at 
constant flow and that the effect was greater with 
increases in MVOt. This aj^ent relation of glucose 
uptake to MV02 could explain the negative effects 
reported by Turnhcim et al*7? in the potassium-arrested 
heart. . More recently. Law and Raymond**^ observed 
that adenoske increased insulin-tdepend^^^ glucose up- 
■take in vivo in a euglycemic:<^lamp«d^ 



Hence, higher concentrations of administeied adeno- 
sine are required to combat the detrimental mioovas' 
cular and parenchymal effects of ischemia. 

A second mechantiun whereby ischemia can produce 
microvascular damage and the related no-reflow phe- 
nomenon is by the plugging of capillaries with neutro- 
phils. Engler and coUeagnesi^**^ have dearly demon- 
strated that the no-reflow reqionse after periods of 
ischemia can be maricedly attenuated or abolished if the 
leukocytes are removed from the blood. These observa- 
tions are consonant with those of ^Cronstein et al,>? who 
demonstrated that adenosine, acting via an Ai-adeno- 
sine receptor on the neutrophil, faoUtates jAe^,^ 
taxis of activated neutrophils. Tliis^enhaiibed cfaemotacr 



*. ( 



a range of 25-100 /anol/l and that this effect was ated effect of adenosine on neutrophils, Aradenosme 

mediated by Aj-adcnosine receptor stimulation. Fur- receptor activation prevents adherence of the neutro- 

. V H . . thcnnorcj the increase in gtycolytic flux, in response to phils to theyasc^lM^ndotheUM^^ ^t> > 

hypoxia or exogenous adenosine could be abrogated release of si^eroxide anions from the actnratai neutio- 



. ipbrt the hypo 
m hypoxia 

:^ , J through, enhancckl glucoses transp^ icffect this 

has on cell viability has yet to be defined. 



Microvascular Injury 

The vascular injury and resulting myocardial damage 
that occur in ischemia and reperfiision consist of a 
complex series of related events in which sequence and 
Jntei^tiOTlare nor 



dbes^ ^^^eceptmvstii^^ ^? cpdpg^ 

citipyL^adcij^^ 

promote neutrpphavj^^ ^V^cicnt^ to 

inhibit superoxide anion reliE^scTltow the addition 
of pharmacological concentrations of adenosine during 
ischemia and/or reperfusion can prevent firec radical 
release and thereby counter the neutrpphil-mediated 
injury of the endothelium and nq^ocardium. 

Another factor that contributes to the microvascular 
damage aid reduced tissue perfusion is ihe adherence 
ofplatae^toan^ 



V ? ^ ■ ^ ' 



.'.Mi.'J.fVi:.', , > 




suuons in the cardiac effluent on reperfusion with oxy- 
genated perfusion fluid indicates a cardiac source of the 
oxygen-derived free radicals.*^ An endothelium-inde- 
pendent injury is observed in the microvasculature as 
mdicated by the blunted dilator response to p^averine 
during reperfusion after 2 hours of coronary occlu- 
si n." Endogenous aden(»ine from the myocytes re- 
leased during ischemia probably prevents more exten- 
sive damage (than might occur if adenosine were not 
released) by inducing some d gree of relaxation of the 
vascular smooth musde and protection of the endothe- 
lium and the vascular smooth muscle against the toxic 
effects of oxygen-derived free radicals. However, toxic 
effects of Uie ischemia and reperfusion override any 
beneficial effects of endogenoudy produced adenosine. 



adenosine during reperfusion. 
Angiagenesis 

Prolonged ischemia leads to irreversible myocardial 
damagCv necroas, and subsequent scarring. However, 
chronic myocardial ischemia as occurs with conmary 
artery stenosis leads to the development of oAatml 
circulation. This type of growth of new blood vessels h^ 
been demcnistraied in heart and skeletal musde and 
results trom a reduction in die oxygen suppiyAieffl^ 
ratia Adair et al*** have shown that adenosine fe invohred 
in this ai^ipgenic efHect of reduced oq^n sup^^. In 
simport f this concept, it has been dciiionstrated that 
low oing^ concentrations (2%) iiKreascd prdiferation 
of endothelial cells in culture and that culture media 
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from hypoxic cells stimulated proliferation of cells grown 
in 20% oxygen.^^ Addition of an adenosine receptor 
antagonist to the hypoxic conditioned media prevented 
this increase in endothelial cell proliferation. Further- 
more, dipyridamole, an adenosine transport blocker that 
produces elevation of tissue adenosine levels, increased 
the formation of new capillaries in the rat heart. '^-^^ 
These observations suggest that adenosine serves as a 
pr tectwe agent against prolonged periods of suboptimal 
blood flow by stimulating the development of new blood 
vessels. To what extent these observations can be extrap- 
olated to humans remains to be explored. Nevertheless, 
adenosine may -play a role in the development of the 
coronary collateral circulation frequently seen with cor^- 
ioiiarya^ 
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>iti). During periods of oxygen deprivation, adenosine ^«»r Fwv. ing^^aU JS» Kloner ra, Bra^ 

nhances enerEV oroduction via increased olv«>lvHr flinr . . .... ... S^f S^"??? myocai^ purine metabolism after a 



n 



ing ischemia arid reperfiision by inhibition of (M^n 
- radical release from activated neutrophils; thereby 
preventing endotheliai ceii damage, arid^ by. inhibition 
of platelet aggregation. These effects help to preserve 
endothelial cell function and microvascular perfusion. 
Long-term ensure to adenosine may also induce 
cor nary angiogencsis. 
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incidence of tumor metastases in mice given injections of 
mammary adenocarcinoma TA3 tumor cells was decreased if 
there was a prior injection of neuraminidase, an effect they 
ascribed to increased "stickiness" resulting from the action of 
neuraminidase on the membrane glycoproteins of the tumor 
cells or of host endothelial cells. Subsequently, they mad the 
important quantitative observation that this effect was due to 
neuraminidase-induced thrombocytopenia and that the inci- 
dence of lung tumors following injection of TA3 ascites cells 
was Inversely proportional to the platelet count (11). They then 
extended these observations to show that there was a rough 
correfationvbetwe the abtlity of various tumor cells to aggr^ 
. , ^ gateplatelets/n wYro. the number of lung metastases produced 

: !^^ip!Sfroa by endogenous or^^expgenous adenosine^'-%.^ beneficia effe^ of.thi^bocytopenia'1^ 



ABSTRACT 

Three different mechanisms have been detected for the 
aggregation of platelets by tumor cells in a homologous human 
system based on inhibition studies with apyrase. hirudin, and 
phospholipase D. In the major group, platelet aggregation 
induced by the SKBR3 (adenocarcinoma), SKNMC (neuroblas- 
toma), HT2d (adenocarcinoma), and HT1 44 (melanoma) cell 
lines was inhibited by apyrase and phospholipase D but not by 
hirudin, suggesting that adenosine 5'-diphosphate is involved 
in the first step. However, since the reaction occurs only in 
heparinized plasma, the" mechanism must differ from J^at of 
platelet aggregation which can be induced in citrated platelet- 



suggesting; that 

■J^ i^i|ci^^ the 

#^^5vW!If^^^ tfte^^fc)ksic:rTt^charti^ian\;^ 

^ .^k;^:^ ■^^c'ifftrennatedj^ the similar mecljani^ we haye observed ^a^j^^^poneirts^iSfithe tumor 

. .Previously with the U87MG (glioblastoma) cell line since the q major role in initiating platelet activation. Rous virus^tr^nsr 

^^S^^ l^nef^'^nfffec^^ J- Hemato| 1 Wv^^onrieiM^Mmy cells p^bSuS^^iftem^ 

i<^i;U:#3§7^378ir1981).Ph6^^^^ untrarisfdrfffea^celi^;^^^ 
aggreg^idn induced by any of theKhtiman^cell^lines^exarii^ 
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coagulant-dependent mechanisms: However, within this tatter 
.5:45ategoi7i^^ based.onithe inhit)itoi^ 

effectsbf; phospholipase *D. - - . jI;,,. ^ r 4 

. INTRODUCTION S ^ : >v 



sialic acid - fcohtent, the ability of' the 



cells to Induce 



platel^t JiSg'rbgation. and tKefr conieiit of '6ell surface sialic acid 
|t8)f^rWiecfilnism b/whicft these cell^^^ nli* 
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effectfpjatelet^ag is not known buthas 

ascribed tc^ith^release of ADP from the platelets, based on the 
inhibitory 'effects of apyrase. with little contribution from the 
activatlon^of the coagulation system:'^'^^^^^^^ 

The: relative contribution of these '2- systems in tumor cell- 
induced platelet aggregation may be evaluated by using sjpe- 
cific enzymes. Apyrase removes ADP from solution by con- 
verting it to AMP. Thus, inhibition of aggregiation by apyrase 
implies the involvement of ADP. A similar conclusion can be 
drawn if Inhibition by a mixture of phosphoenolpyruvate-pyru- 
vate kinase is observed. This mixture converts ADP to ATP 
and. because of the speed of the reaction in comparison to 
apyrase, can inhibit processes in which considerable amounts 
of ADP are being produced. Hirudin is a polypeptide which is 
a specific inhibitor of thrombin, and hence, inhibition by hirudin 
is taken to indicate the inhibition of procoagulant-d pendent 
reactions. 

Most of the previous work has utilized animal tumor cell 
lin 8, mainly of rat or mouse origin, and human or rabbit 

CANCER RESEARCH VOL. 42 



; Platelets in plasma can be aggregated by. a wide variety of 
toyiKhot^ular-welght agonists such as ADP and epinephrine 
or by protein agonists such as thrombin and collagen. The 
mechanisms of these reactions are not clearly understood. A 
third class of interaction involves platelet aggregation induced 
by tumor cells (for review, see Ref. 7). Qualitative obseaations 
of interactions between platelets and. tumor cells were first 
made during postmortem examination over a century ago and 
have been confirmed numerous times in a wide variety of model 
systems. In 1962, Gasic and Gasic (9) observed that the 
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ptat lets. We have recently begun to reexamine ttie interaction 
of platelets and tumor cells (3), their attachm nt as mixed 
thrombi at the vessel wall (16), and idiosyncratic aggregation 
responses to tumor cells by platelets fr m diff rent don rs (2) 
utilizing homolog us systems of well-characterized cell lines 
derived from human tumors and heparinized human PRP/ Two 
different mechanisms of platelet aggregation have been iden- 
tified in these studies. With the Hut20 line, derived from an 
anaplastic murine tumor, the onset of aggregation appeared to 
be dependent on ADP derived from the tumor cells but not from 
the platelets, since It occurred prior to the onset of the platelet 
release reaction. Aggregation occurred using platelets from 
donors who had ingested aspirin but was completely inhibited 
in the presence of apyrase and was unaffected by hirudin. On 
th other hand, aggregation by the U87MG (human glioblas- 
t ma) line appeared to be due to a procoagulant activity re- 
leased from the tumor cells since it was completely inhibited 
by hirudin but was unaffected by apyrase. Furthermore, phos- 
ph lipase D, which cleaves phosphatidylcholine to choline and 
phosphatidic acid, inhibited platelet aggregation induced by 
Hut20 tumor cells while aggregation Induced by U87MQ cells 
was unaffected by the enzyme (3). 

In the present studies with a further 6 humari:^^^^ 
we liave found that thrombin-mediated systems in the 2 cell 



Platelet Aggregation by Tumor Cells 

Cells were han/ested without exposure to proteases by decanting 
the culture medium, washing the monolayers twice with HBSS. and 
then treating them for 5 min with HBSS free of Ca^^ and Mg'^ and 
containing 5 mu ethylene glycol bis(/9-aminoethyl e1heryN,NJ^\N*^ 
tetraacetic acid. The cell suspension was centrifuged at 800 x gUw 
10 min, the supernatant solution was removed, and the cell pellets 
were washed twice with a solution ot HBSS free of Ca^^ and Mg^* but 
containing 0.2% t)ovine serum albumin and were finally resuspended 
in the same solution tnjt without apyrase. Cells were counted in a 
hemocytometer, and viability was determined by exclusion of trypan 
blue. The range of viable cells was 90 to 97%. None of the cell tines 
showed contamination with fibroblasts, and the effects ot>served were 
not affected by treatment of the cultures with coUagenase. 

Aggregometry. Blood from healthy laboratory staff, who had not 
taken aspirin or reiated drugs in the previous 7 days, was collected 
using heparin (5 units/ml) as anticoagulant. Centrifugatlon of whole 
blood was performed at 1 50 x g for 10 mfn in plastic tubes and PRP 
was removed by aspiration. Platelet counts were determined and were 
in the norrhal range (250.000 to 350,000/cu mm) for all samples 
examined. Platelet aggregation was measured in an aggregometer 
(Chronolog Ck>rp., Broomall, Pa.) at 37° with constant stirring at 1000 . 
rpm using 450 /d of PRP and 50 /il of the tumor cell suspension. 

Modification of Aggregation Response. To study the role of th 
development of procoagulant activity, hirudin (100 units/ml) was in- 
cubated; with PRP for 30 min at room temperature piioriathe additioh^^V^ m 
of tumor celts to the system. For studying the effects of apyrase, the 
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trline^can be differentiated oh Jhe basislof ^theiil&nsitivities^fo ^^ye'^^y^f^l^d^e^^atatevel^^^ 
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ADP'CGrade I); L-)9-lysophosphatidylcholine (t-^-lyso^^ type \\\7 growth cycle. The HT29 line aggregated platelets at a final 
from bovlne liver): 'Apyraser:Grade l .-from-pbta^^ actwity.'SOO^: cbhderitration in= the.c6vetof>1'0® eells/ml:.THeiHufe#HT1 44;^"^ 




1* |^;Ei 



^ ,SKN^4C (neuroblastoma). SKBR3 (adenocarcinoma), and HT144 {met- 
^ anoma) lines were provided by Dr. Jprgen Fogh. $iban-k^ Insti- 
tute, Rye; N. Y., while the Hut23 (adenocarcinoma) iand Hut28 (meso- 
thelidm^ lines were provided by Or, Adi Gazdar, Veterans Administra- 
tion Hospital, V'ashington, D. C. - 

(Jells were grown to confluency in 150-ml polycartjonate flasks 
(Falcon Plastics, Oxnard, Calif.) in a tissue culture incubator in an 
atmosphere of 95% 02-6% COa. Hut23 and Hut28 lines were main- 
tained in Roswell Park Memorial Institute Tissuo Culture Medium 1 640 
supplemented with 10% fetal calf semm. The SKNMC line was main- 
tained in minimum essential medium with Earle's salts supplemented 
with 1% nonessential amino acids and 15% fetal calf serum. SK6R3. 
HT144, and HT29 cell lines were maintained in McCoy's Medium 5A 
supplemented with 15% of fetal calf serum. Fifty units penicillin per ml 
and 50 mg streptomycin per ml were included in all media used. 



* The at>ttfevfatlon8 used are: PRP. platelet-rich plasma: HBSS. Hanks* bal- 
anced salt solution. 
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hirudin, ^ahd P^iospbbtipase D on the course, of -ijggregatiofY. 
These' results are described t)elow for each' of "fthef cell lines 
examined. ^ 

SKBR3. The aggregation profile of platelets exposed to 
SKBR3 cells consisted of a brief phase of reversible aggrega- 
tion followed immediately by a larger irreversible phase (Chart 
M, Curve a). This profile is similar to that observed previously 
with the Hut20 line (3). Aggregation by this cell line was 
completely blocked by apyrase (250 iig/m\) (Chart 1 A, Curve 
b). The second wave of aggregation, but not the first, was 
inhibited by phospholipase D (Chart 1^, Curve c). Hirudin (100 
units/ml) t>ad no effect on the aggregation profile (Chart 1A, 
Curve cO. 

SKNMC. A similar pattern of biphasic aggregation was ot>- 
se>ved with th SKNMC c II line although In this case there 
was a prolonged delay t)etween th rev rsible wave and the 
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Chart 1 . Aggregation of platelets in human 
heparinized PRP by different human tumor cell 
lines and modification of aggregation re- 
sponses. In each pane/, Curve a is aggregation 
induced by tumor celts alone at the concentra- 
tions described below, Curve b is the aggre- 
gation produced In the presence of apyrase 
(1 20 |ig/ml). Curve c Is the aggregation pro- 
duced In the presence of phospholipase D (1 0 
units/ml), and Curve d is the aggregation pro- 
duced In the presence of hirudin (100 units/ 
mt). For the SKNMC line. Curve e shows the 
effect of phosphoenotpyruvate^yruvate ki- 
nase. Apyrase and phospholipase D were 
added to the PRP in the aggregometer cuvet 
Immediately prior to the addition of the aggre- 
gating dose of tumor cells, while hirudin was 
r /i incubated with the PRP for 30 min prior to the' 
addition of tumor ceils. A, SKBR3, 5x10° 
. ,^ce!Is/rnlne;;^KNMC. 5, x 10?; C;,HTJ44. Su. i^ 
x^-10«:^D.^t29. 10«;'E:>ibt28?5 x 10»:T.'r'-^ 
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eof aggregation (Chart 1B,. Curve a), sljght^prclongatipn of the Jag phase . preceding irreversible, 
in thb ortait of thie'' fiifl^ of: ri^gf^gafiS^^ m t€V ^3^^:^ 

T*tinn ln'Mlc''-amriliti iHa ae'ufAll.'aQ an'' ' ^' IJT90'i>^rnAH4!T9Q linA ale/\ chnuuoH>Kfnhoct>^^aririrA 



aggregatjbn (Chart 1B, Cu/ve b)..lh brcf^J^^to clarify the possible 
ihyblvement of ADP, studies' were also carried out with phos- 
phbenpipyruvate-pyruvate kinase which destroys ADP more 
ffectiveiy than apyrase. This combination resulted in complete 
inhibition of both waves of the aggregation Induced by SKNMC 
cells (Chart IS, Curve e). Incubation with phospholipase D 
resulted in the inhibition of the second wave of aggregation, 
but the first wave was unaffected (Chart 16, Curve c), while 
hirudin had no effect on the course of platelet aggregation 
induced by the SKNMC line (Chart 1 Curve d). 

tfn44. The HT144 line caused monbphasic irreversible 
aggregation with a (.. olonged lag time (Chart 1 C, Curve a). In 
some experiments, there appeared to be a very small first^ave 
during this lag period, but this effect was not consistently 
observ d. Both apyrase (Chart 1C, Curve 6) and phosph lipase 
0 (Chart 1C, Curve c) complet ly blocked aggregation with 
HT144, while hirudin was without effect other than causing a 



HT29;^ThevB^ line also showed^ t)j|ihja'8t 
with hprappare^ dissociation vbbfWeeh thelfirst and secbnd^^ 
waves and vwith a brief lag phase pr^cecling^ aggregation (Charts 
ID, Cu/Ve/^).. Aggregation by this ceil! lihe was completely 
blocked in'rihe presence of apyrase (Charti 1 D, Curve b) or 
phospholipase D (Chart 10, Curve c). On the other hand, 
neither the lag phase preceding aggregation nor the biphasic 
aggregation curve was affected by the i3resencei of hirudin 
(Chart ID. Curve cO. 

Hut28. Hut28 cells caused monophasic aggregation but with 
a slowly increasing base tine during the pi'olonged lag phase 
preceding aggregation (Chart 1 5. Curve a). Apyrase had no 
effect on aggregation (Chart 1 E, Curve b). biit it was compi t ly 
inhibited by phospholipase D (Chart 1 E, Curve c) and by hirudin 
(Chart IE, Curved). 

Hi4t23. The Hut23 cell line produced no significant aggre- 
gation at tumor cell concentrations as high as 10^/ml (Chart 
IF. Curves). 

Effects f Ph sph lipases and Lysoleclthln. As noted 
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above, phospholipase D showed differential effects on the 
aggregation produced by the various cell lin s. Phospholipase 
C (10 units/ml) had no ffect on platelet aggregation produc d 
by any of the cell lines xamined, while phosph lipase A2, 
add datth same time as the tumor cells, compi t ly blocked 
aggregation by all of the humaatumor cell lines. Lysolecithin. 
the product of the action of phospholipase A2 on phosphati- 
dylcholine, at a concentration of 50 /ig/ml, also caused com- 
pl te inhibition of aggregation with all of the tumor cell lines 
examined (data not shown). 

DISCUSSION 

In previous studies, we have examined platelet aggregation 
induced by 2 tumor cell lines, Hut20 from an undifferentiated 
murine tumor and U87MG derived from a human glioblastoma 
(3). Two different mechanisms of induction of platelet aggre- 
gation were apparent. Platelet aggregation induced by the 
Hut20 line appeared to be primarily dependent on ADP re- 
leased from the tumor cells themselves, while aggregation 
Induced by the U87MG line was dependent on a procoagulant 
activity elaborated by the tumor cell surface. 

rThe present examination of a further 6/hurnan tumc^ clll 
lines shows that a third mechanism of platelet aggregation by. 

} cultured human tumdrlcells ciah .be^Vecpip^^ 

;gregation responses *and the inhibitoryV^effe^^ apyrase, 

^hiaiSinv atid phosptiolip^e p.* The resujtsla^^^ 
T^biSlli^^ogeth^^ results for^:thS^^^ Asisi; aJid 

;U87MG lines exsunined ^previously (3, 1^6).;^Some groupings 

\;am6ns(?rii[e variouS;^^ all^cas^. 

■aggreigalion occurred only with heparinizSd PRP and not when 
citrate was used as anticoagulant. . 

'^ KSKBPS induces biphasfc plateletaggregatlon^hkt is inhibited': 

' by apiy^rase but hot by hirudin; and phospKotipase-D eliminates'^ ' 

; the ^se^fand; wav€H^ tWat 
J bfc>sel^fed previously withithe Hut2b;linei Ih^thislcMse, secretidri 

; of j^ADI^^frpm the tumor-ciells initiates, the^^^ of aggfe-'' 

tgationS?wl^ich^ 

;^of/aggfeg2t^^ piatej|t ■ 

"secretion which must be indepenctent of thrombin production 
:^^lnce;iiis not blocked^^ and HT29^ 

^also pf-bhably belong in: this class. With -sk^lMQ;^^^^^^ lag pha^:' 
; was |>rolpnged;w^^^^ and aggre^^atiprji^^w^ completely^ 

v/ihHib^t^; by phosphoenolpyruvate-pyni^^ With 
, HTl^^iJahd Hut29; there was no cleariy mf rl^ed reversible first , 
..wave; platelet aggregation was completely inhibits by 



Platelet Aggregation by Tumor Cells 

apyrase. No effect was observed with hirudin for any of th se 

3 lines. 

Aggregation induced by the Hut28 lines shows a rising base 
lin prior to the onset oV aggregation and is unaffected by 
apyrase but is completely blocked by phospholipase D and 
hirudin. The effects of apyrase and hirudin are identical to 
thos se n with the U87MG line xamined previously (3), 
suggesting that the aggregation effects of these 2 lines involves 
activation of the coagulation system. However, platelet aggre- 
gation by these 2 lines may be differentiated since only with 
the Hut28 line is aggregation inhibited by phospholipase D. 

The various phospholipases have t>een of value in charac- 
terizing the platelet-aggregating effects of the tumor celt lines. 
The effects of phospholipase D on tumor cell-induced platelet 
aggregation have not t>een investigated previously, but this 
enzyme was able to differentiate the platelet-aggregating ef- 
fects of Hut28 from those of U87t^G although activation of th 
coagulation system appeared to be involved in each case. For 
those lines showing a clearly marked phase of reversible ag- 
gregation (SKBR3. SKNMC. and HT29), it may be noted tiiat 
phospholipase D inhibited the second, major wave. For HT29 
and Hut28, where a reversible first wave was not detectable, 
the aggregation response was also inhibited by,phospholipase.N§ 
p. Little, is known at>out the effects of phospholipase D on,^^ 



■3 



■'1 



2'^ 



1 
1 



membranes, but the enzymexan dlter jcalciumjtrj^^ 
sarcpplasiTWc reticulum (6)^an^ thfe mayBxplairt^^^ 
effectevorKthe^. firsts ar^d : waves of^tuinteB^^ 

:PlafeletlkgB!^gati6nl^ '^A^H-t^^^ 

Pho^phb^ refwrted,<tp cpmp^ inhibit 

platelet aggregation induced^^^ 2 >m6use vtiiriibr^^^^ (1 3,- 
17) as r^welr^as by the ^ 5 human ^ tumor' liheS;:^w1iic£h: caused 
aggregation in the present study. We have also found that ^ 
tumpKceiifihduced platelet aggregation 
^thin;^tKefiproduct of-ttiie^ adtibn of/phosj3liblipiase;^j^v^ phos^rbS 
phatidylchollne. Lysolecithjciif Isblinhmi^ 
induc€d^b!/^DPr epinephrine cdlla^n^iandcihrom^ (15).:lt 
IS known 
be 

affect^ membrane f luldfty Wi) and tee^leVels^bf^^ ' ?^if 
cyclases (1 ; 20). ' 

Inladdition to the \jsualia|ggregatfng agf aggre- 
^gatipn^^aifv be Jnd^ mprpla^let-aggnaig elatH 
brateb^^igk-sensitized r 
is iipjdlclrv'n^^ and is destroyed by p^ib^9!|pases Aa, C, 
and b (4)^- Since phosphbli^wse C had nd: eff^!5bh platel t 
aggregation induced by any of the human tumor cell lines 



.^si".,;- 



lucedtby^DPrepinephnhe^ coi^ (I5).:lt -^^^ 

known ;^^hibit;p^ ;synthesis:(fl9);|and^ may,;^; : 

thetbasis'fbnlts'afuiaggf^^ alsov^ji' \ 



Table 1 \ 

Summary of celt tines examined for ptatetet-aggregating ability^ aggregation profites, am/ inhibitor effects 



Inhibition by 







Cell con- 








Phospholipase 


Cell line 


Origin 


centration 


Aggregation 


Apyrase 


Hirudin 


D : 


SKBR3 


Adenocarcinome of breast 


5 X 10^ 


Biphasic 


Inhibition 


No inhibition 


2no wave only 




Anaplastic murine tumor 


10* 


Bipbasic 


Inhibition 


No inhibition 


2nd wave only 


SKNMC 


Neuroblastoma 


5 X 10* 


BIphasfc 


Inhibition 


No inhibition 


2nd wave only 


HT144 


Melanoma 


5X10* 


MonGphasic 


Inhibition 


No inhibition 


Inhibition 


HT29 


Adonocarcinoma of colon 


10* 


Biphasic 


Inhibition 


No inhibition 


Inhibition 


Hutaa 


Mesotttelioma 


5 X 10* 


Monophasic 


No inhibition 


Inhibition 


Inhibition 


ueTMa* 


Glioblastoma 


10* 


Monophasic 


No inhibition 


Inhibition 


No intiibition 


Hut23 


Pooriy differentiated ad- 
enocarcinoma 


10^ 


None 








A54d* 


Smalf-ceil lung carcinoma 


10' 


None 









4. 



* Lines examined previously (3. 1 7) are included for comparison. 
Partial inhibition with apyrase. complete inhibition with phosphoenotpyruvateH>yruvate kinase. 
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examined, it is unlikely that platelet-aggregating factor-tik 
mat rial is involved in this r action. 

In summary, our results sugg st that th re are 2 major 
mechanisms by which cultured human tumor ceils initlat plat - 
let aggregation. The major mechanism, in 4 of th 6 aggregat- 
ing human lines so far examined, appears to involve the secre- 
tion of AOP from the tumor cells resulting in platelet stimulation 
and then irreversible aggregation. This secretion may reflect 
damage to the tumor cells during harvesting, but the secretion 
of ADP from tumor ceils in this group could be of physiological 
stgniftcance, and since aggregation does not occur in the 
presence of citrate, it differs from the usual mechanisms of 
ADP-induced platelet aggregation. The second mechanism 
involves the initial activation of the coagulation system and the 
generation of thrombin as the mediator of aggregation. Within 
this second group. 2 sut}groups can be identified based on 
whether or not aggregation can be inhibited by phospholipase 
D. However, the different patterns of aggregation and inhibition 
within different groups of tumor cells, considerations of the 
relative importance of ADP and the coagulation system, and 
the observation of different patterns of inhibition with phospho- 
. lipase D all suggest that no single mechanism wilt explain the 
' feature df tiie interacfidn between j3latelets and tuhnor celJs 
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79104252 MEDLINE 
79104252 PubMed ID: 216440 

In vitro platelet abnormality in adenosine deaminase 
deficiency and severe combined immunodeficiency. 
Lee C H; Evans S P; Rozenberg M C; Bagnara A S; Ziegler J 
B; Van der Weyden M B 
BLOOD, (1979 Mar) 53 (3) 465-71. 
Journal code: 7603509. ISSN: 0006-4971. 
United States 

Journal; Article; (JOURNAL ARTICLE) 
English 

Abridged Index Medicus Journals; Priority Journals 
197904 

Entered STN: 19900315 
Last Updated on STN: 19900315 
Entered Medline: 19790426 
The platelets of an infant with severe combined immune deficiency and 
adenosine deaminase deficiency showed markedly diminished responses to 
ADP-induced aggregation in vitro. This abnormality was corrected by the 
addition of purified adenosine deaminase in vitro. Exogenous 
adenosine added to platelet-rich plasma caused markedly prolonged 
inhibition of ADP-induced aggregation. This was shown by isotopic studies 
to be due to slow clearance of adenosine and hence persistence of this 
nucleoside. Direct assay for adenosine deaminiase in plasma and platelet 
lysates of the patient confirmed the very low activity of this enzyme. 
Raised cAMP levels were demonstrated in his platelets. The deranged 
adenosine metabolism and raised cAMP in the platelets of this child with 
severe combined immunodeficiency may explain the altered response to ADP. 
Despite the in vitro platelet aggregation abnormality, 
the patient had no clinical evidence of impaired hemostasis. 



LIO ANSWER 9 OF 9 
ACCESSION NUMBER: 
DOCUMENT NUMBER: 
TITLE: 

AUTHOR : 

SOURCE : 

PUB , COUNTRY : 
DOCUMENT TYPE: 
LANGUAGE : 
FILE SEGMENT: 
ENTRY MONTH: 
ENTRY DATE: 



AB 



MEDLINE DUPLICATE 3 

79104252 MEDLINE 
79104252 PubMed ID: 216440 

In vitro platelet abnormality in adenosine deaminase 
deficiency and severe combined immunodeficiency. 
Lee C H; Evans S P; Rozenberg M C; Bagnara A S; Ziegler J 
B; Van der Weyden M B 
BLOOD, (1979 Mar) 53 (3) 465-71. 
Journal code: 7603509. ISSN: 0006-4971. 
United States 

Journal; Article; (JOURNAL ARTICLE) 
English 

Abridged Index Medicus Journals; Priority Journals 
197904 

Entered STN: 19900315 
Last Updated on STN: 19900315 
Entered Medline: 19790426 
The platelets of an infant with severe combined immune deficiency and 
adenosine deaminase deficiency showed markedly diminished responses to 
ADP-induced aggregation in vitro. This abnormality was corrected by the 
addition of purified adenosine deaminase in vitro. Exogenous 
adenosine added to platelet-rich plasma caused markedly prolonged 
inhibition of ADP-induced aggregation. This was shown by isotopic studies 
to be due to slow clearance of adenosine and hence persistence of this 
nucleoside. Direct assay for adenosine deaminiase in plasma and platelet 
lysates of the patient confirmed the very low activity of this enzyme. 
Raised cAMP levels were demonstrated in his platelets. The deranged 
adenosine metabolism and raised cAMP in the platelets of this child with 
severe combined immunodeficiency may explain the altered response to ADP . 
Despite the in vitro platelet aggregation abnormality, 
the patient had no clinical evidence of impaired hemostasis. 



LIO ANSWER 9 OF 9 
ACCESSION NUMBER: 
DOCUMENT NUMBER: 
TITLE: 

AUTHOR : 

SOURCE : 

PUB . COUNTRY : 
DOCUMENT TYPE: 
LANGUAGE : 
FILE SEGMENT: 
ENTRY MONTH: 
ENTRY DATE: 



AB 



I 



TI 



CAPLUS COPYRIGHT 2 003 ACS 
1990 : 545076 CAPLUS 
113:145076 

Effect of adenosine and inosine 
administration on platelet function in rabbits 
Singh, J.; Sudhir, S.; Gupta, L. C; Garg, K. N. 
Dep. Pharmacol., Med. Coll. Hosp., Rohtak, 124 001, 
India 

Indian Journal of Physiology and Pharmacology (1990) , 
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Journal 

English 

Rabbits receiving adenosine, inosine, and aspirin exhibited a marked 
increase in platelet aggregation times. All the 3 agents also decreased 
platelet adhesiveness. These agents do not differ much in potency, since 
effects were comparable with similar doses. The antiaggregation effect of 
adenosine may be due to its action on extracellular membrane receptors or 
due to stabilization of the intracellular dense granules, there-by 
preventing the "release I reaction". The antiaggregation effect of 
inosine may be due to similar mechanisms. 

Effect of adenosine and inosine administration on platelet 
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Gabel, Gailene 



To: STIC-ILL 
Subject: 09/853,524 



Please provide a copy of the following literature ASAP: 

1) KUTSUNA et al., Identification and determination of platelet aggregation inhibitor from 
safflower (Carthamus tinctorius Linne). JOURNAL OF THE PHARMACEUTICAL SOCIETY OF 
JAPAN, (1988 Nov) 108 (11) 1101-3. 

Thanks a bunch, 
Gailene Gabel 
7B15 
305-0807 
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SUMM 
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SUMM 



The present invention discloses a specific binding of adenosine 
to a platelet membrane receptor protein gpIIb/IIIa, and relates to the 
novel use of adenosine for inhibiting platelet 
aggregation and thrombosis. The present invention 
discloses that adenosine is useful as an antithrombotic. 
The present invention discloses a specific binding of adenosine 
to a platelet membrane receptor protein gpIIb/IIIa, and relates to the 
novel use of adenosine for inhibiting platelet 
aggregation and thrombosis . The present invention 
discloses that adenosine is useful as an antithrombotic. 
[0002] The present invention relates to the novel use of 
adenosine as an antagonist against a platelet membrane receptor 
protein gpIIb/IIIa for inhibiting platelet aggregation 
and thrombosis. 

[0003] Most of the thromboembolic disorders, including 
atherosclerosis and arteriosclerosis, acute myocardial infarction, 
angina, transient ischemic attaclcs and stroJces, peripheral vascular 
diseases, arterial thrombosis, preeclampsia, embolism and 
carotid endarterectomy , are related to the formation of blood clot or 
thrombus in blood vessel. Platelet aggregation plays 
an important role in the thrombus formation. It was found that 
platelet aggregation is dependent upon the binding of 
fibrinogen and other serum proteins to a platelet membrane receptor 
protein gpIIb/IIIa located on. . . as thrombin, the gpIIb/IIIa 
binding site becomes available to fibrinogen and other serum proteins 
for binding, thereby resulting in the platelet 
aggregation and thrombus formation. Thus, inhibition of the 
binding of fibrinogen and other serum proteins to gpIIb/IIIa is a 
requisite for. 

[0004] The development of a gpIIb/IIIa antagonist represents a promising 

approach to inhibiting platelet aggregation and 

thrombosis. A gpIIb/IIIa-specif ic antiplatelet agent which can 

inhibit the activation and aggregation of platelets in response to any 

agonist is therefore. . . 

[0005] Various products such as aspirin against arachidonic acid, 

ticlopidine against adenosine diphosphate (ADP) , hirudin 

against thrombin, and thromboxane A. sub. 2 synthase inhibitors or 

receptor antagonists against thromboxane A. sub. 2 synthase, are available 

now for preventing platelet aggregation and thrombus 

formation. However, these products do not specifically inhibit the 

binding of fibrinogen and other serum proteins to gpIIb/IIIa. 

having a nucleus formed of two fused six membered rings, which 
were useful as gpIIb/IIIa antagonists for the inhibition of 
platelet aggregation. 




SUMM . . . 5,672,585 and 5,612,311 disclosed certain cyclic peptides 

having a high affinity for gpIIb/IIIa, which were useful in the 

inhibition of platelet aggregation and thus in the 

treatment of thrombosis. 
SUMM . . . disclosed certain cyclic compounds linked by a heterocyclic 

ring system, which were useful as gpIIb/IIIa antagonists for the 

treatment of thrombosis. 
SUMM [0009] U.S. Pat. Nos . 5,053,393 disclosed N- [8 -[ (aminoiminomethyl ) amino] 

1-oxooctyl] -N-L- .alpha. -aspartyl-L-phenylalanine as a potent compound 

for the inhibition of platelet aggregation. 
SUMM [0010] U.S. Pat. Nos. 4,879,313 disclosed certain peptide mimetic 

compounds, which were useful in the inhibition of platelet 

aggregation and in the treatment of thrombosis. 
SUMM . . . tinctorius L for active ingredients that can specifically bind 

to gpIIb/IIIA, and surprisingly found that a small compound, identified 

as adenosine, can strongly bind to gpIIb/IIIa and thus can 

inhibit platelet aggregation and thrombosis 

especially in view of the fact that ADP was well Icnown in the art as 

an endogenous agonist for activating platelets. Accordingly, the 

inventors of the present invention found that adenosine is a 

potent antithrombotic. 
SUMM [0015] Adenosine, a compound well Jcnown in the art, was used 

as an antiarrhythmic, and its derivatives were used as anti -tumor 

agents. The therapeutic use of adenosine for specifically 

binding to gpIIb/IIIa and treating thromboembolic disorders 

was never disclosed or suggested in any prior art reference. 
SUMM [0016] Based on the above, the inventors of the present invention found 

a new therapeutic use or indication of adenosine in the 

inhibition of platelet aggregation and thrombus 

formation . 

SUMM [0018] The present invention also relates to the novel use of 
adenosine as an antagonist against gpIb/IIIa for inhibiting 
platelet aggregation and thrombosis. 

SUMM [0019] One aspect of the present invention relates to a method for 
inhibiting platelet aggregation and 

thrombosis by administering to a mammal an effective amount of 
adenosine . 

SUMM [0020] Another aspect of the present invention relates to a method for 
preventing and treating thromboembolic disorders including 
atherosclerosis and arteriosclerosis, acute myocardial infarction, 
angina, transient ischemic attaclcs and stroJces, peripheral vascular 
diseases, arterial thrombosis, preeclampsia, embolism and 
carotid endarterectomy by administering to a mammal an effective amount 
of adenosine. 

SUMM . . . relates to an in vitro method for detecting the presence of 
gpIIb/IIIa in a suspected sample by contacting gpllb/llla with 
adenosine . 

SUMM [0022] Another further aspect of the present invention relates to a 
pharmaceutical composition for inhibiting platelet 
aggregation and thrombosis in a mammal, comprising an 
effective amount of adenosine and a pharmaceutically 
acceptable carrier or diluent. 

SUMM [0023] Another further aspect of the present invention relates to a 
pharmaceutical composition for preventing and treating 
thromboembolic disorders including atherosclerosis and 
arteriosclerosis, acute myocardial infarction, angina, transient 
ischemic attacks and strokes, peripheral vascular diseases, arterial 
thrombosis, preeclampsia, embolism and carotid endarterectomy in 
a mammal, comprising an effective amount of adenosine and a 
pharmaceutically acceptable carrier or diluent. 

SUMM [0024] Another further aspect of the present invention relates to a kit 
for inhibiting platelet aggregation and 

thrombosis in a mammal, comprising a first container containing 
adenosine and a second container containing a pharmaceutically 



acceptable carrier or diluent. 
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termini, pharmaceutical compositions containing such compounds, 
processes for preparing such compounds, and to methods of using these 
compounds, alone or in combination with other therapeutic agents, for 
the inhibition of platelet aggregation, as thrombolytics, and/or for the 
treatment of thromboembolic disorders. 
SUMM . . . compounds, and to methods of using these compounds, alone or in 
combination with other therapeutic agents, for the inhibition of 
platelet aggregation, as thrombolytics, and/or for the 
treatment of thromboembolic disorders. 
SUMM . . . the injured area by a phenomenon called platelet adhesion. 
Activated platelets also bind to each other in- a process called 
platelet aggregation to form a platelet plug. This 

platelet plug can stop bleeding quickly, but it must be reinforced by 
fibrin for. . . 
SUMM Thrombosis may be regarded as the pathological condition 

wherein improper activity of the hemostatic mechanism results in 
intravascular thrombus formation. Activation of platelets and the 
resulting platelet aggregation and platelet factor 
secretion has been associated with different pathophysiological 
conditions including cardiovascular and cerebrovascular 
thromboembolic disorders, for example, the 
thromboembolic disorders associated with unstable angina, 
myocardial infarction, transient ischemic attack, stroke, 
atherosclerosis, and diabetes. The contribution of platelets to these. 

SUMM Platelets are known to play an essential role in the maintenance of 
hemostasis and in the pathogenesis of arterial thrombosis. 
Platelet activation has been shown to be enhanced during coronary 
thrombolysis. This can lead to delayed reperfusion and reocclusion. 
Clinical. 

SUMM ... of platelets serves to further focus clot formation by 

concentrating activated clotting factors in one site. Several endogenous 
agonists, including adenosine diphosphate (ADP) , serotonin, 
arachidonic acid, thrombin, and collagen, have been identified. Because 
of the involvement of several endogenous agonists in. 

SUMM . . . known agonists has been identified, namely the platelet 

glycoprotein Ilb/IIIa complex (GPIIb/IIIa or Ilb/IIIa) , which is the 
membrane protein mediating platelet aggregation. A 

recent review of GPIIb/lIIa is provided by Phillips et al . (1991) Cell 
65: 359-362. The development of a GPIIb/IIIa. . . 



SUMM . . . Ilb/IIIa receptor, thereby preventing fibrinogen from binding 
at its platelet receptor site, leading to efficacy in the prevention of 
blood platelet aggregation and subsequent clotting 
disorders . 
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AB Platelet adhesion and aggregation are mediated by fibrinogen via the 

receptor glycoprotein Ilb/IIIa, which recognizes the arginine-glycine- 
aspartic (RGD) amino-acid sequence. We investigated the ability of 8- 
guanidino-octanoyl-Asp-Phe (SC-49992) , an intravenously infused, stable 
RGD analogue, to inhibit human platelet function in vitro and to reduce in 
vivo canine platelet deposition on prosthetic grafts. Human 
platelet aggregation induced by 10 .mu.mol/L 

adenosine diphosphate was inhibited in a concentration dependent 
manner with an ED50 of 1 .mu.g/ml of SC-49992. Adenosine 

diphosphate -induced secretion, which is dependent on fibrinogen occupancy 
of the glycoprotein Ilb/lIIa receptor, was reduced in a concentration 
dependent manner, also with an ED50 of 1 .mu.g/ml. Thrombin- induced 
secretion, which is independent of fibrinogen binding, was unaffected. 
Activation-dependent platelet adhesion to fibrinogen substrates was 
reduced in a concentration- dependent manner by SC-49992. Platelet 
adhesion to fibronectin substrates was also reduced by the analogue, but 
to a lesser extent. SC-49992 effectively eluted glycoprotein Ilb/IIIa 
bound to RGD derivatized sepharose. Eight thrombosis -prone dogs 
had polytetraf luoroethylene femoral artery grafts placed. Dogs received 
the RGD analogue or a normal saline infusion during their first graft 
procedure. One week later a second contralateral femoral graft with 
infusion of the other agent was performed. Aggregometry during RGD 
analogue infusion demonstrated inhibition of induced aggregation, whereas 
normal saline infusion had no effect. As measured by the adherence of 
platelets labeled with indium III 8-guanidino-octanoyl-Asp-Phe reduced 
platelet deposition on vascular grafts by more than 90% (p = 0.0006, log 
transformed data, paired t test) . Histologic examination demonstrated 
marked reduction or complete elimination of platelet thrombus on the 
luminal surface of the grafts under drug-treated conditions. Previous 
attempts to block platelet aggregation have been of 

limited success. 8 -guanidino-octanoyl -Asp- Phe represents a novel class of 
glycoprotein Ilb/IIIa inhibitors, which act at the final common pathway of 
platelet aggregation. Although the specific role of RGD 
inhibition in the clinical setting remains undefined, a broad range of 
platelet -mediated primary and recurrent thromboembolic 

conditions may potentially benefit from therapeutic intervention with this 
compound. 

AB . . . analogue, to inhibit human platelet function in vitro and to 
reduce in vivo canine platelet deposition on prosthetic grafts. Human 
platelet aggregation induced by 10 .mu.mol/L 

adenosine diphosphate was inhibited in a concentration dependent 
manner with an ED50 of 1 .mu.g/ml of SC-49992. Adenosine 

diphosphate -induced secretion, which is dependent on fibrinogen occupancy 
of the glycoprotein Ilb/lIIa receptor, was reduced in a concentration 
dependent manner,. . . reduced by the analogue, but to a lesser extent. 
SC-49992 effectively eluted glycoprotein Ilb/lIIa bound to RGD derivatized 



sepharose. Eight thrombosis -prone dogs had 

polytetrafluoroethylene femoral artery grafts placed. Dogs received the 
RGD analogue or a normal saline infusion during their first. . . or 
complete elimination of platelet thrombus on the luminal surface of the 
grafts under drug-treated conditions. Previous attempts to block 
platelet aggregation have been of limited success. 

8-guanidino-octanoyl-Asp- Phe represents a novel class of glycoprotein 
Ilb/IIIa inhibitors, which act at the final common pathway of 
platelet aggregation. Although the specific role of RGD 
inhibition in the clinical setting remains undefined, a broad range of 
platelet -mediated primary and recurrent thromboembolic 

conditions may potentially benefit from therapeutic intervention with this 
compound . 
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AB RheothRx Injection, an aqueous solution of a nonionic block copolymer 
(poloxamer 188) formulated for intravenous administration, was 
investigated as an inhibitor of red blood cell (RBC) -induced 
platelet aggregation at plasma concentrations of 
0 . 05-5mgmL-l . Platelet aggregation was determined by 

measuring the fall in single platelet counts after mechanical agitation of 
2mL aliquots of citrated whole blood in a 37 degrees C shaking waterbath. 
Inhibition of RBC- induced platelet aggregation of > 

95% was observed for poloxamer 188 at a concentration of lmgmL-1, and 41% 
inhibition was observed at 0.05mgmL-l. Poloxamer 188 was observed to be a 
more effective inhibitor of RBC-induced platelet 
aggregation than 2 -chloradenosine (2-ClAd) or 

phosphoenolpyruvate/pyruvate kinase (PEP/PK) . Studies using platelet rich 
plasma (PRP) showed that platelet aggregation could 

not be induced by shaking in the absence of RBC, though aggregation was 
induced by the addition of exogenous adenosine 
diphosphate (ADP) . Poloxamer 188 did not inhibit ADP- induced 
platelet aggregation. We propose that poloxamer 18 8 
protects RBC from mechanical trauma by non-specific adsorption of 
copolymer to the RBC surface (via the hydrophobic polyoxypropylene 
moiety) , and that this effect prevents mechanical damage and hence leakage 
of ADP from RBC. RheothRx Injection has been shown to have value in the 
treatment of acute ischemic disorders such as myocardial infarction. The 
observation of significant inhibition of RBC-induced platelet 
aggregation at clinically relevant concentrations suggests that 
RheothRx Injection may have antithrombotic properties in vivo, and may 
therefore have potential not only in acute ischemia but also to prevent 
thrombosis within vascular prostheses or to prevent rethrombosis after 
angioplasty or endarterectomy . 
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AB RheothRx Injection, an aqueous solution of a nonionic block copolymer 
(poloxamer 188) formulated for intravenous administration, was 
investigated as an inhibitor of red blood cell (RBC) -induced 
platelet aggregation at plasma concentrations of 
0 . 05-5mgmL-l . Platelet aggregation was determined by 

measuring the fall in single platelet counts after mechanical agitation of 
2mL aliquots of citrated whole blood in a 37 degrees C shaking waterbath. 
Inhibition of RBC- induced platelet aggregation of > 

95% was observed for poloxamer 188 at a concentration of lmgmL-1, and 41% 
inhibition was observed at 0.05mgmL-l. Poloxamer 18 8 was observed to be a 
more effective inhibitor of RBC-induced platelet 
aggregation than 2 -chloradenosine (2-ClAd) or 

phosphoenolpyruvate/pyruvate kinase (PEP/PK) . Studies using platelet rich 
plasma (PRP) showed that platelet aggregation could 

not be induced by shaking in the absence of RBC, though aggregation was 
induced by the addition of exogenous adenosine 
diphosphate (ADP) . Poloxamer 188 did not inhibit ADP- induced 
platelet aggregation. We propose that poloxamer 188 
protects RBC from mechanical trauma by non-specific adsorption of 
copolymer to the RBC surface (via the hydrophobic polyoxypropylene 
moiety) , and that this effect prevents mechanical damage and hence leakage 
of ADP from RBC. RheothRx Injection has been shown to have value in the 
treatment of acute ischemic disorders such as myocardial infarction. The 
observation of significant inhibition of RBC-induced platelet 
aggregation at clinically relevant concentrations suggests that 
RheothRx Injection may have antithrombotic properties in vivo, and may 
therefore have potential not only in acute ischemia but also to prevent 
thrombosis within vascular prostheses or to prevent rethrombosis after 
angioplasty or endarterectomy . 
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Endogenous adenosine, but not exogenous 
adenosine, inhibits platelet 

aggregation and cyclic flow variations in dogs with 
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Nakayama, Hiroshi; Ikeda, Hisao; Oda, Tameo; Kuwano, 
Kazunori; Ueno, Takaf umi ; Koga, Yoshinori; Toshima, 
Hironori 

Third Dep. Intern. Med. Kurume Univ. Sch. Med. Japan 
Japanese Circulation Journal, (1993) Vol. 57, No. 7, pp 
675 . 

Meeting Info.: 57th Annual Scientific Meeting of the 
Japanese Circulation Society Kyoto, Japan March 25-27, 
ISSN: 0047-1828. 
Conference 
English 

Endogenous adenosine, but not exogenous adenosine, 
inhibits platelet aggregation and cyclic flow 

variations in dogs with coronary artery stenoses and endothelial injury. 
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*ABSTRACT IS AVAILABLE IN THE ALL AND lALL FORMATS* 
Endogenous adenosine, released from the heart in response to a decrease 
in the oxygen supply/ demand ratio, and pharmacological concentrations of 
exogenous adenosine have protective effects in the 

ischemic myocardium. Adenosine is effective in limiting regional and 
global reperfusion injury and infarct size and appears to play a role in 
the phenomenon of preconditioning. The cardioprotective actions of 
adenosine are derived from several mechanisms: 1) coronary and collateral 
vessel vasodilation (increase in 02 supply) , 2) negative inotropism, 
chronotropism, and dromotropism (decrease in 02 demand) , 3) enhanced 
glycolytic flux and purine salvage, 4) reduction in microvascular injury 
during postischemic reperfusion by direct effect on the endothelium and by 
inhibition of neutrophil release of superoxide anions and platelet 
aggregation, and 5) possibly by stimulation of angiogenesis in 
states of chronic hypoxia or ischemia. The use of adenosine agonists may 
provide new methods for 1) preconditioning, 2) myocardial protection after 
thrombolytic or angioplastic recanalization of occluded or stenotic 
coronary arteries, 3) cardioplegic arrest, and, 4) organ preservation for 
cardiac transplantation. 
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*ABSTRACT IS AVAILABLE IN THE ALL AND lALL FORMATS* 
AB Endogenous adenosine, released from the heart in response to a decrease 

in the oxygen supply/ demand ratio, and pharmacological concentrations of 
exogenous adenosine have protective effects in the 

ischemic myocardium. Adenosine is effective in limiting regional and 
global reperfusion injury and infarct size and appears to play a role in 
the phenomenon of preconditioning. The cardioprotective actions of 
adenosine are derived from several mechanisms: 1) coronary and collateral 
vessel vasodilation (increase in 02 supply), 2) negative inotropism, 
chronotropism, and dromotropism (decrease in 02 demand), 3) enhanced 
glycolytic flux and purine salvage, 4) reduction in microvascular injury 
during postischemic reperfusion by direct effect on the endothelium and by 
inhibition of neutrophil release of superoxide anions and platelet 
aggregation, and 5) possibly by stimulation of angiogenesis in 
states of chronic hypoxia or ischemia. The use of adenosine agonists may 
provide new methods for 1) preconditioning, 2) myocardial protection after 
thrombolytic or angioplastic recanalization of occluded or stenotic 
coronary arteries, 3) cardioplegic arrest, and, 4) organ preservation for 
cardiac transplantation. 
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AB Three different mechanisms have been detected for the aggregaticpn of ^ 

platelets by tumor cells in a homologous human system based on inhibition 
studies with apyrase, hirudin, and phospholipase D. In the major group, 
platelet aggregation induced by the SKBR3 

(adenocarcinoma), SKNMC (neuroblastoma), HT29 (adenocarcinoma), and HT144 
(melanoma) cell lines was inhibited by apyrase and phospholipase D but not 
by hirudin, suggesting that adenosine 5 ' -diphosphate is involved in the 
first step. However, since the reaction occurs only in heparinized plasma, 
the mechanism must differ from that of platelet 

aggregation which can be induced in citrated platelet-rich plasma 
by endogenous or exogenous adenosine 5 ' -diphosphate . 

In contrast, the Hut 2 8 (mesothelioma) line was inhibited by hirudin and 
phospholipase D but not by apyrase, suggesting that the mechanism in this 
system involves the activation of the clotting system in the early stages. 
However, the coagulant -dependent mechanism observed with Hut28 can be 
differentiated from the similar mechanism we have observed previously with 
the U87MG (glioblastoma) cell line since the latter is unaffected by 
phospholipase D (Am. J. Hematol . , 11: 367-378, 1981). Phospholipase C had 
no effect on platelet aggregation induced by any of 

the human cell lines examined while both phospholipase A2 and lysolecithin 
inhibited aggregation in every case. These results suggest that two 
categories of human tumor cells can be defined based on whether they 
initiate platelet aggregation by adenosine 

5 ' -diphosphate or coagulant -dependent mechanisms. However, within this 
latter category, subclassif ication is possible based on the inhibitory 
effects of phospholipase D. 
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Differentiation of platelet-aggregating effects of human 
tumor cell lines based on inhibition studies with apyrase, 
hirudin, and phospholipase . 
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Three different mechanisms have been detected for the aggregation of 
platelets by tumor cells in a homologous human system based on inhibition 
studies with apyrase, hirudin, and phospholipase D. In the major group, 
platelet aggregation induced by the SKBR3 

(adenocarcinoma), SKNMC (neuroblastoma), HT29 (adenocarcinoma), and HT144 
(melanoma) cell lines was inhibited by apyrase and phospholipase p but not 
by hirudin, suggesting that adenosine 5 ' -diphosphate is involved in the 
first step. . However, since the reaction occurs only in heparinized plasma, 
the mechanism must differ from that of platelet 

aggregation which can be induced in citrated platelet -rich plasma 
by endogenous or exogenous adenosine 5 ' -diphosphate . 

In contrast, the Hut28 (mesothelioma) line was inhibited by hirudin and 
phospholipase D but not by apyrase, suggesting that the mechanism in this 
system involves the activation of the clotting system in the early stages. 
However, the coagulant -dependent mechanism observed with Hut28 can be 
differentiated from the similar mechanism we have observed previously with 
the U87MG (glioblastoma) cell line since the latter is unaffected by 
phospholipase D (Am. J. Hematol . , 11: 367-378, 1981). Phospholipase C had 
no effect on platelet aggregation induced by any of 

the human cell lines examined while both phospholipase A2 and lysolecithin 
inhibited aggregation in every case. These results suggest that two 
categories of human tumor cells can be defined based on whether they 
initiate platelet aggregation by adenosine 

5 ' -diphosphate or coagulant -dependent mechanisms. However, within this 
latter category, subclassif ication is possible based on the inhibitory 
effects of phospholipase D. 
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AB The goal of this study was to clarify that blockade of adenosine receptors 
during myocardial ischemia causes further reductions in coronary blood 
flow due to platelet aggregation. Coronary perfusion pressure in 47 
open-chest dogs ^was reduced such that coronary blood flow decreased to one 
fifth of the control value; thereafter, coronary perfusion pressure was 
maintained at the low levels. During hypoperfusion, coronary flow was kept 
low but constant with a' massive release of adenosine. When 

8 -phenyl theophylline, .an adenosine receptor antagonist, was infused during 
coronary hypoperfusion, coronary blood flow (18 +/- 2 ml/100 g/min) 
gradually decreased at 5-10 minutes of ischemia and reached almost zero at 
20 minutes. Three minutes after the onset of ischemia, before further 
reduction of coronary flow, the microscopic examination revealed the 
existence of thromboembolization in the small coronary arteries, and the 
number of platelets in the regional coronary venous blood were 
significantly decreased, indicating that a further reduction of coronary 
flow due to treatment with 8 -phenyl theophylline is attributed to 
thromboembolism caused by platelet aggregations. This reduction of 
coronary flow and formation of thromboembolism were inhibited by the 
treatments with dibutyryl cAMP, forskolin, and yohimbine, indicating that 
this thromboembolization during a lack of adenosine activity is due to 
platelet aggregation and that platelet aggregation caused by 
8 -phenyl theophylline is triggered by stimulation of alpha 2 -adrenoceptors 
by released norepinephrine during ischemia. We demonstrate that adenosine, 
generated endogenously in response to ischemia, inhibits 
platelet aggregation. The finding that adenosine 

is not merely a vasodilator but that it also regulates thrombosis has 
major implications for designing new strategies of myocardial salvage. 
TI Endogenous adenosine inhibits platelet 

aggregation during myocardial ischemia in dogs. 
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Identification and Determination of Platelet Aggregation 
Inhibitor from Safflower (Carthamus tinctorius Linne) 

HmosHi KuTSUNA,*'** Seishiro Fura,** Kenji Kitamura,* 
Kazuo Komatsu,^ and Motokiyo Nakano* 

Shiseido Basic Research Laboratories'' and Shiseido Toxicological ^ 
and Analytical Research Center,^ 1050 Nippacho, 
Kohokuku, Yokohama 223, Japan 

(Received April 21, 1988) 

Safflower (Carthamus tinctorius Linne) has been traditionally used for the treatment 
of Oketsu, namely blood stasis in Chinese medicine. Aqueous extract from safflower 
inhibited the rabbit platelet aggregation induced by adenosine diphosphate. The sole 
inhibitor was isolated by high performance liquid chromatography (HPLC), and identified 
as adenosine by ^'^C- and ^H-nuclear magnetic resonance. As the result of quantitative 
analysis by HPLC using the capsule type Cis column, 16—550 ppm of adenosine were 
detected in safflowers collected from different districts. 

Keywords safflower; Carthamus tinctorius; platelet aggregation; adenosine; Cis 

capsule type packing material 

JItE (Carthamus tinctorius Linne; Carthamus r.) ti, B^^mm^S'^ Jt5l«t0^^t:^ »? , ^if^lStg jfii^, MmM 




't-A 



^henom.y 6, 167 



210, 322 (1979). 



(1) ^A^mmMmmnoM-^Rxf^^ 

Chart Mc,^Ltc^iico7p-'>- ^vc^ol^-t:, u'm^oik^hmmmmmn^mxmni&m^mm'^h. - 
^hummmmt rrv ^yym^u^mm-^^^^m^^i^^'^m^fcm^^mi^^ ^-^ a - (hflo 

J; D^ft^ffLf^^-^' W^'^WBlO^^^UW^^^^ (^„.ax=258nm)^'^^VC-i5:L:A:. M^-. #^Ltc 



Carthamus tinctorius Linne 20 g 



extracted with H2O (200 mix 3) 
condensed to 30 ml 

precipitated by addition of (CH8)2CO 270 ml 
dissolved ppt. in H2O 30 ml 
precipitated by addition of (CHs)2CO 270 ml 
evaporated in vacuum 



filt. 1.04 g (50j«g/ml, 56^) ppt. 4.85 g 

{250;/g/ml, 0^) 

fractionated by HPLC 
column: ODS (57 mm i.d.x300mm) 
eluent: AcOH : MeOH ; H2O=0.1 : 25 : 74.9, 
100 ml/min 
evaporated in vacuum 
I 

420 mg (25 jtig/ml, 53^) 



fractionated by HPLC 
column: ODS (20mm i.d.x250mm) 
eluent: AcOH : CH3CN : H2O 
=0.1:10:89.9, 10 ml/min 

evaporated in vacuum 



adenosine 4.2 mg (0.25 ^g/ml, 43^) 

Chart 1. Isolation of Adenosine 

( ) indicates concentration and inhibition % 
of extent of aggregation. 



. (2) M^mmnmm^wo^i 

HPLC J; :6 r r / V/ V O^MM , 0—30 j«g (O 
®H-trJgA^^i^B|g mm%Wi r=0.99990) 
Lfc. 2.0g frCT-r/v/y 1 mg ^^;&p L"CIm] 
{n=6) ^n-:>fctC^, 93.9%, ^ 

^.p-^ h ^7 A (Fig. 1) r*5l--CT7-V v-vtt, ^ 
4.5^^Cv'^,-yf£f->^ i t"C^mLfc. Table I 
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y^/^yv\X, 16— 550 ppm 



adenosine 
10 pg/ml 



saf flower 
water extract 
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0 



10 0 




■ft 



15 mil 



Fig. 1. Chromatograms of Adenosine and Saf- 
flower Water Extract 

Table L Analytical Result of Adenosine 
in Safflower 



Sample 


Harvest year 


Adenosine 
(ppm) 


Xinjiang Urygur 


'85 


518±58 




'86 


550±71 


Gansu 


'85 


522±49 


Sichuan 


'85 


163±36 


Yunnan 


'85 


139±24 


Henan 


'85 


16+ 5 


Kyokuho 


Unknown 


336±45 


Yamagata 


'85 


<5 



n = 5. 
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550±71 
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163±36 
139±24 
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Ci8 (4 6 mm i.d. X 250 mm), y ^ Um. , ^» ^mw , 
149.1 (s, 4-C), 153.2 (d, 2-C), 156.3 (s, 6-C). 
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